
Many play-back programs today don't even have a zoom opuon. To this extern, mode "b" 
may not be needed. 



Mode c could be implemented today with 16bit/pcl RGB (555) m s/w and the only 
improvement we provide is 24bit/pei capability and h/w color conversion tsome level of 
accciieration). So mode "c" may not be needed as a special h/w. 

If this is the case« maybe we do not need to do anything in h/w for Cinepak ! 

One idea: should we run 24bit/pel MS windows stored in 4:2:2 (YO UOl Yl UOl) for- 
mat? This will allow us to nin 24bit/pel MS Windows and use 16bit/pel memory space 
with no loss of qualit\'. The wmdows dnver could compress the data and the h/w could 
decompress u. 



m 4.4 Nordic- IM Motion Video Arctiitecture 



M4 



Sasha EgUt, Rakesh Bindlish, Mad Bril and Dave Keene are important cootribu- 
tors to the Motion Video Architecture definition. 



£ 4.4,0 The Problems to Solve & Generic Solutions 



Noraic. IM is supposed to suppon CDROM piay-back and hve-video under Microsoft's 
\ idco for Windows With all of today's VGA Compauble Graphics Controllers, the plav- 
^^^^ P'^^^rc pixel depth has to be the same as the surrowndmg MS Windows pixel depth, 
(i, have lo nin MS Windows in a 24bit/pel mode m order to displav 24bit/ 

pci in the play-back window 

The only way we can run today live video is from a Video Pon (= Feature Connector). In 
thjs case we'll use an overlay or a color key to define the bve video wmdow. 
Due to CDROM player, s/w interface complexity. CPU bus and Video Memorv limita- 
tions, only small clips at ISfps or less can be playd-back today. So today we need a lot of 
V idco Memory to run small clips in slow mouon at low rezoluiion. Nordic- IM will try to 
use less Video Memory, increase the clips size, theu" resolution and speed 

' Cirrus Conridential 

Nordic-IM is supposed to suppon: Business Information 

- accellerated play-back for all popular CDROM compression standards, especially 
Cmepak and Indeo 

- live video from a PCMCIA card in a system with a standard PCMCIA host adapter 
for a Multimedia-Ready Notebook Computer ' 

- live video from a Feamre Connector, preferably VESA Advanced Feature Connector 
compauble. for a Mulumedia Notebook Computer with direct NTSC input (fuU mother- 
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board soiuuon ). 

Wliflt will NordiclM hrin^ tn thp Video piatg; 

A. Nordic- IM wiU break the dependency between the pixel depth of MS Windows and the 
pixel depth of the hvc-video / play-back window. By dqing so, Nordic- IM will be able to 
run 24bit/pci LV/PB while running MS Windows in 8bit/pei or 4bit/pcl {even planar) 
This will lead to high qualirv' live-video and play-back, while mimmmng Video Memor^' 
requirements. 

B Nordic- IM will further reduce Video Memory requirements as well as Video Mcmorv- 
Bandwidth requirements by storing data in compressed form: 4:2:2 YUV (16bii/pel). 4: 1 :'l 
(12bit/pcl) or Sashapak YUV^ f2,6bit/pcl) 
^ C. Nordic-IM will define one architecture and work-frame to run both play-back and live- 
video m a unitary way for both s/w and h/w. 

D. Nordic- IM will suppon up to two acuve LV/PB wuidows ai the same time. 

E. By providing h/w YUV->RGB conversion and 1:2 zoom Nordic- IM will accellcrate ' 
playback for most standards, but mostly for standards that allow us access to their decom- 
pressor like Cmepack (for whose decompressor we have a licence). 

Nordic- IM will not provide Cmepak specific accellcrauon (custom BLT). 

W Qn the r.ive Video fmm Fpaturg Connector (or Vld^ Pnrt^ 

Due to pin-oui hmautions. the VAFC implemeniauon has to be limined to 8 pms of dau 
requinng external muxing of 16bii data to Nordic. Further the VAFC soiuuon will be 
restricted to 5428 type suppon: overlay and color key (no memory video port). The oniv 
-J addiiions to the 5428 suppon will be the internal YUV.> RGB convener able to accept ' 

1^ scqucnuaJ 4.2:2 YUV (I6bit/pcl in avarage: YO.U.Yl.V) and display it as a 24bit/pel RGB 

ovcriay/color-key wmdov. We may also suppon honzontal 1:2 zoom with avarag- 
1^'' •'^oi'tiJC-IM will be back-wards compauble to 5428 and 11 will suppon also i6bit5-5- 

,a 5 RGB Sierra and 5-6-5 RGB XGA pixel fonnats As m 5428. live video from the Feature 

Corinector can be executed only from mode 5F (640x480 256 colors). 



ffr ^ following we will refer mostly to the other two modes of opcrtauon: play-back and 

^"'"^ ' '^=0 '^0^ 2 PCMCIA card, which we'll call compressed live video, because due to 
PCMCU bus bandwidth limitations, we assume that video data received by Nordic is 
compressed with Sashapak (see Sashapak detailes further m this spec). Please note that 
due to Its huge advanuges. it makes sense to use Sashapak as a mother-board soiuuon too. 
The main reason we conunue lo suppon the Feature Connector based live video is the 
avaiiabiliiv of dnvers for 5428 which will give Nordic an early sian in the live video 
arena 

Cirrus Confidential CL 99792 

Mdeo KUmnrx Band.wirith r^n^Tniint^ Business Information 
Please note that, even with a 32bn wide Video Memory, there are severe memory band- 
width limiuuons when ninning 16bii/pel and 24bii/pci graphics modes. 

Assumming that Nordic- IM does 8 CRT fetches m a row and 1 CPU cycle, for a CRT or 
TFT panel, here are the mimmum freqsjency requirements for memory clock frequency at 
different rezoluuons and pixel depths: 
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R+7P+R=I2in+14ni=26m with 1 CPU cycle per CRT FIFO fill fetches dau for 

32B/3'B=10p«els 
R+7P = 6m+14m = 20ni with no CPU cycle dunng non -display tune 
nun mclk freq = 65MH2 / 50MH2 @ 640x480 -> Nordic- IM upper limit at 5V CVDD 
3 104MH2 / 80MHz @ 800x600 •> too high 
= 1 69MH2 / 1 33MHz @ 1 024x768 60Hz -> too high 

16b.[/De!' 

R*7P*R=i:m+14m=26m / R+7P = 20m fetches dau for 32B/2B=16pixels 
min mclk freq = 40.6MHz / 36MHz @ 640x480 -> OK even at 3 V 

= 65MH2 / 50MHz @ 800x600 -> Nordic- IM upper limit at 5V CVDD 
= 105MH2 / 83MH2 @ 1024x768 60Hz -> too high 

12bit/pei 

R+7PfR=i2mt.!4ms26m / R+7P=20m fetches data for 323/ 1.5B*21 pixels 
min mclk freq = 30.9MH2 / 23MHz @ 640x480 -> OK even at 3V 

= 49.5MH2 / 38MH2 @ 800x600 •> OK even at 3V 
= 80.4MHz / 64MHz @ 1 024x768 60Hz -> too high 

8bit/pc|- 

R+7Pi.R=i:iii+14m=26m fetches dau for 32B/lB=32pixels 
mm mclk freq = 20.3MHz @ 640x480 -> OK even at 3V 
M =40.6MH2 @ 800x600 ->0Kevenat3V 

= 52.8MHz @ 1024x768 60Hz -> OK at 5V 

mav gpnriiirir that Nordic- IM win be able to run 24bii/pcl onJv at 640x480 rezolu- 
.f 16bii/pei up to 800x600, IZbii/pel up lo 800x600 and Sbit/pcfup to 1024x768 rczolu- 

g tion These resuJts apply only to CRT or TFT and single scan STN panels. 

Please note that for dual scan STN panels the memory requirements increase significantly. 

I "^ ''^ memorv- bandwidth Itmiutjons lead us to anempt to minimize video memory 

g iraffi: If we store Cioepak data in 4:2:2. with an avarage of 16bit/pel. independent of 

0| Cmepax u mdow size. Nordic-IM wilJ not be able to mn Cinepak above 800x600. 

p Any anempt to execute vertical zoom with interpolauon. even with tv^o points interpola- 

f^- * aggravate this memorv' band-width bottleneck. The next step should be 

^ lOOMHz SDRAM-s with a large CRT FIFO (32x32) or 64bit wide memory dau bus. 

g These considerations apply to any playback compression sundard that stores dau m 

video-memor>' as 1 6b«t/pel m avarage. The key to a successful compression sundard 
would be one that does decompresssion on the CRT memory read and stores dau in mem- 
orv as 8bii/pel or less, m avarage. 

As we store live video at 2.6bit/pei and fetch it as if it was 8bit/pel with Sashapak 
i>ordic-lM should be able to run live video even at 1024x768. 

m'^^^^ls new CDROM play-back standard based on Sashapak. then we could run 
even 1024x768 with 24bit/pcl accuracy and keep it memory as an 8bit/pel. Keith and 
Ken are actually working oo it, with Sasha's help. 

4.4.1 On Sashapak Cirrus Confideotial CL 99793 

Business Information 
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Sashapak is a highly assymemc. lossy "Block Truncation compression aigonimn opti- 
nuzcd for visually equivalent image processing. 

Data IS procccsscd as Y.U.V one byxc each. U and V are sub-sampled, charactcnzing one 8 
by 8 pixel array, while Y is charactcnzing a 4x4 pixel aray. Actually one of two values is 
assigned to each pixel inside the 4x4 (for Y) and 8x8 (for U and V\ 
At compression time, the compression chip determines a threshold and two values U&L 
for each group of sixteen (4x4) pixels. This way all pix<?ls above threshold will be 
assigned the value U. all pixels below threshold will be assigned the value L. 



31 Ibyte ibvte 



2bvtes 
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Yl 


Y2 


v,| 



u.v 



YO 
Yl 
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Y3 



BITMAP 



U 



BITMAP 



BITMAP 



BFTMAP 



Mpixels are descnbed bv i • 

6x4B=24B=192bus 

=> 3bif pel 

Using 6biis for L' & L V 
the compression will be 
2.6bit/pel. 



BITMAP 



U 



BITMAP 



V" 



At decompression, the bitmap will control a mux between the U and L values. This way 
the decompression is straightforward 

The main drawback of this approach is that a BITMAP contains Y data from 4 scan lines 
and \J\ data from 8 scan hnes Wlien data is read from memory to be displayed only data 
from one scan line is used. Similarly the U/L values apply to several scan-lmes and the 
same value will be read in each scan line. The same data will be read again and again in 
cacn scan line raisins the actual memorv' bandwidth requirements to an equivalent of 
16bit/pcl map. 

In order to overcome this problem and reduce memory bandwidth rcquircments. Sasha 
proposed a scan line oriented, segregated mode of data organization. This would 
require the Sashapak compression chip to wnie compressed data in a specific way puung 
the strain on the compresion chip address generator The basic principles of the new orga- 
nizations are. 

1 Data IS organised m the MV Window m chunks of 32 sequenual pixels. 

aiFor 8bit U/L resolution, as one Y covers 4 pixels, 8 U/L sequenual values are needed, 

16bits each -> 8xld02«4W (8x1 2/32=3 W for 6bit res. U/L) (where W is a 32bii word). 

b) U and V U/L data is packed together in the same word (16biis for U U/L and 16 bits for 
v U/L -> total 32bits= i W) and as one pair of U and V applies to Spuels, 4 such values 
arc needed for 32 sequential pixels -> 4x32-4 W. (4x1 2x2/3 2=3 W for 6bit res. U/L) 

c) The mask dau is also scan-line onenied: all 32bits of Y mask of sequenual 32pixels arc 
placed m one 32bit word and due to sub-sampling on U and V, all 32bits of U and V mask 
of sequenual 32pixels arc placed m one 32bit word. So in 2W dau for 32 sequential pixels 
on one scan line is packed. -> 2W (the same for 6bii resoluuon for U/L) 
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, d) For 640x480 window size, even at 8bit U/L resoluuon. data for 8 scan-lines nts m one 
DRAM page (symcmc DRaM-s assumed): 320WY+80WU+80WV=480W < 512W page 



slaW 



480W for one 6x640 pixels block fits in one page 



MVW 
START 



U/L for Y 



U/L for U.V 



Y bimups 



irv binups 



n-MVU'.off$ei 160W SLA^AOh gow SLA+FOh 160W SLA*i90h 80W 
Where Si is scan-line number i msjde the block SO SI S2 ... S7 SO. I .... S6.7 



8Btt per U/L 
resoluuon 

Dau Grouped 
per Scan Lines 



f) The key to memory bandwidth opumizauon is the fact the the compression chip will 
organize data sequenualJy over 32 pixels msicad of 8. This will be done for the mask bits 
which will be organized scquenualiy by scan line and for the U/L data. This way a 32bii 
word of Mask data contains only informauon for the current scan line and no extra mem- 
ory fetches are required. The main reason we segregate U/L for Y and U/V is the fact that 
we want to use 6bii U/L. In this case a is easier to identify the proper U/L info chained 
within 32bit words if the words are sequenual and we have a fix reiauonship between 
their address and the 6bit U/L quantities. 

g) If we calculate now the amount of data we need to fetch to displav 32 sequential pixels- 

• for 8bii per U/L: 4W (YU/l) ^ 4W fUV U/L) * IW (YM) + IW (UVM)=10W=40B 

"> 40B/32pixeis=320bit/32pixelssl0bit/pel to fetch from memory 

• for 6bit per U/L: 3W (YU/L) ^ 3W (UV U/L) ^ 1 W (YM) + 1 W (UVM)= 8Ws32B 

"> 32B/32puels = Sbit/puei 
This IS a ver>' good data fetch ratio, much bcner than the 16bil/pe] we'd get without the 
opumizauon. 

g • V»*hen reading data from the Mouon Video Window the controller will generate the fol- 
iov^ing sequence of addresses, all of them in the same DRAM page (8bit per U/L): 

• fetch the YU/L for the first 32 pixels on scan-line n at addresses: 
.MW_Sian+n*MV^'_ofisct. -^1. +2, ^3 

' tetch the UV U/L for the first 32 pixels on scan-line n at address' 

MVU'^SiarT-^n»MVU*^offse!-^AOh. ^l. *2, +3 
- letcn the Y BitMap for me first 32 pixels on scan-lme n at address 

M\'\^'^Stan+n*MVU*.offsct+FOh 

• fetch the UV BiiMap for the first 32 pixels on scan-hne n at address: 
M w^Stan+n-M\'A\'.offsei* 1 90h 

• fetch the YU/L for the first 32 pixels on scan-lme n at addresses- 
.MV\^_Sian+n*MVU-.offsei-K;. ^5. -,7 

• fetch the UV U/L for the first 32 pixels on scan-lme n at address* 
MV\^-^Stan-^n»MVW_offsei*A0h44. +5. -»^, ^1 

' fetch the Y BitMap for the first 32 pucis on scan-line n at address* 
MVU*.Stan-»-n»MV^'.offset-^FOh-^I 

• fetch the UV BitMap for the first 32 pixels on scan-Une n at address* 
MVU'_Stan-»-n*MVU'.offset-t- 1 90h-»- 1 

• no\fc the MVW FIFO is full. 

• ^ht'^i^^SLi'^" ^"'^ ^ proccessed for every 32pixels displaved 
' '^l^^^^^''^'^P'>'^'''^^f^^^ lOwords being read for decompression and 

Please note that all dau for every 8 scanlmes sianing from the top of the MVW is in the 
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same DRAM page. 

Because we have lo feich the MV^* Data before we sian displaying it. and because at that 
time the CRT FIFO docs not empr>- as fast as it is needed (unless MS Windows is runmng 
at the same pixel depth as the MV Wmdow), it is necessary to have a separate FIFO for the 
MWr^ or at least half the FIFO (at least lOW for 8bit per U/L and at least gW for 6biis per 

V/ll 

h) ^^'^len we run 6bit per U/L. because the Video Memory band- width requirements are as 
if we were running 8bit/pci. we could do verucal zoom with avaragmg. But there snould 
not be a need for zoom with Live Video because there is enough CPU and memor>' band- 
width to run 640x480 wmdows even when MS Windows is run as 1024x768 4 or 8bit/pel. 

Conclusion: With Sashapak we can get dau organized in memory such that the memor\' 
bandwidth is as for lObit/pel (8bii U/L) or 8bii/pel (6bit U/L) pixel depth. The actual 
memon.- area will be close to 3bit/pe] or 2.6bit/pe] depending on the resoluuon of U/L val- 
ues • 8 or 6bits per value. 

Please note that the memorv- area will be slightly larger due to the fact that we use only 
-i80 words in a page of 512. 



4.4.2 YV\' to RGB Conversion Algorithm 

The ideaj \TV to RGB transformauon is 
R=Y-^ 1.37V 
B=:Y*1 -3U 
G=Y.0.699V.0.336U 



After aenning an objective way of measunng color error. Sasha came up with the follow- 

\nt Conversion algorithm 

R=V-i 3:^5 V=Y-^ I 3/8 V 

B=V*I "5U=Y+1 3/4U' 

G=Y.O 375U-0 75V= Y-f3/8U+3/4V) 

This aieonthm can be implemented w ith 8 9bu adders and it should suppon excess 128 or 
tao s complement U.V formats (U.V may be negative while Y is always positive). 
This aJeonthm wili be used with Live Video 

For Cinepak. the YL'V->RGB convener will be reconfigured to the Cinepak YUV->RGB 

conversion rule: 

R=V*Y 

*y^^ , Cirrus Confidential 

G=> \7:.L/4 Business informattoo 
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Motion Video Architecture Functional Blocks 

Instead of treating play-back and live-video as two separate modules, we'll isolate several 
gencnc funcuons to be used bv both: 
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- Display Window Gcnerauon Block: 
allows s/w to define one or two play-back or live video window(s) 
The MV Window is defined m memory cycles rciauve to the sian of line in honzoniaJ 
and frame in vertical direcuon. Honzonially the unit of measure is different outside rela- 
tive to the inside of the window: the horizontal window stan coordinate is expressed m 
memory cycles for the surrounding pixel depth (MS Windows pixel depth, normally 4 or 8 
bit/pel ). while the width of the MVAX* is expressed in memory cycles for the MVW' puel 
depth f8bn RGB. 16bitRGB. 422YL^ spacial.422 YUV linear! 4 1 1 YUV linear. 
Sashapak) 

- XS = M\A\' Honzontal Start Coordinate (m surrounding 

pel depth memory cycles) 
The honzontal position is programmed with 8 pixel resoluuon 
(0.8 J 6..., pixels sianmg from the left side of the screen) 
XS register CR34f7:0] -> 8 bits 
(up to IK pels m increments of 8 pels) 
To get an early warning, we will requur XS to be programmed 
8 pixels less than the actual position: 0 is zero, 1 is 16pels, 2 is 
24 pels.... 

- XW = M\A\' Honzontal Width ( MVW pel depth memoiv cvcles) 

XW register CR35 [7:0] •> 8 bits 
(up to IK pels m increments of 8 pels) 

To get an early warning, we will require XW to be programmed 
8 pixels less than the actual width: 0 is zero. 1 is 16pels. 2 is 
24 pels.... width. 

- YS = Venical MVW Stan (m true scan-lines not affected by 

scan-line doubling or panel verucai expansion) 
10 bus m CR36(1:0) (msb-s) and CR37[7:0] (Isb-s) 
• YE = Vertical MVW End 
(all bits are programmed, m true scan hnes) 

10 bus in CR36f3.2] (msb-s) and CR38[7:0] (Isb-s). . 

- SAdOf= Suooundmg Address Offset (a number to be added every 

line to the sunounding CRT Address Counter value to allow it to 
jump over the MVW without counting through it. This allows calcuiaung 
the suroundmg restan address.) This number depends on the sun-oundmg 
mode resolution. Assuming a maximum hne of 1024 pels, in increments 
of 4 pels per address (8bits/pel), 256 addresses is enough -> 8bits 
8bits in CR39[7:0] 

- WMAdS = MVW Memory Address Stan m increments of 

16KB = 4KW (a phisical address 00000:3FFFF for 1MB or 
.00000:7FFFF for 2MB Video Memory). 
7bits in CR3A(6:0] 

WMAdOf = MVW Memory Address Offset (A number to be added to 
the current MVW Stan Address to get the next MVW stan Address). 
Ha ving this s/w model allows panning through a large image for the 
"nage «ored in memory may be as large as I K pixels 
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at 16bn per pixel (2 per word) -> 9bits. 

9bits .> in CR36[4] (msb) and CR3Bf7:0] (Isbl. 
Because the CRT Address Counter counts surrounding memory cycles, dunng the MVU' 
display 11 would count a wrong number corresponding to the MVW pixel depth. To avoid 
this wrong count, the CRT Address Counter is stopped whj l; MVW it Hitplav^/i anH 
loaded with the V3 i<»^ '"^i^r^^nnnrbn;; tp of MViy pnd fcstan of the surrounding 

displav As this address value changes every hne, an offset is specified and will ba pro- 
granimed by the MS Windows driver depending on the MVW size and pixel format. 
The honzontal size of the wmdow is controlled by a different counter counung to XW' 
Dunng the MVW display the adddress will be generated by the same CRT Address 
Counter which will be loaded with a MVW Memory Address Stan fWMAdS). 

• XW8P = \fVVi Horiionul Width in 8 pixel units. Defines the size of 
the wmdow m 8 pixel uruts. It is used to terminate the window horizontally. It may require 
to program the value minus one or two. To be Defined Later. Register CR3D(6:0] will 
contain this value. 

Every scan-line ^ 

MVW Scao-Liac Sun Address s Previous Scan-Line MVW Sun Address WMAdOf 

Scan-lme doubling for "zoom" should be taken into account when desigmng the 
M\^' Architecture: on the address generauon block. 

- Off -screen NfV' Memor> Addressing and Access Control. This includes dau type tag 
generauon based on M\' memory Address and the circuitry placing the tags m the CRT- 
FIFO This block has provisions for scan line replicauon by repcaung the MV address 
generated on the previous scan hne of the MV window (only). 

As Cmcpak needs 4 1.1 rectangular format the MV Memory* Address Counter needs to 
count in a non sequential wav 

YOSn YlSn YZSfn*!) Y3S(n+l) U V 
implies an address counter that can skip over two numbers, or maybe a second address 
counter that starts counting from 2 instead of zero. 

- One tag bit is generated based on CRT Address and is 1 if the data in the CRT 
FIFO is from the MVW, otber-wise is 0, This ug bit. called the steering bit will be 
delaved through the enure data path and end up conu-oUmg the final video data mux just 
before the DAC. 

Other tag bits called "daia-iype" Ug biu encode the type of 32bit word m a given 
data formal and arc used by MV>\' Decoder/Senaliser to steer CRT-FIFO dau at CRT- 
FIFO read 

For msiance. m 4: 1 : 1 hnear data formal, dau is stored in memory and in the CRT-FIFO 
asY0YlY2Y3 U03V03Y4Y5 Y6Y7 U47V47, 3 groups of 32bits. Two "dau-type Ug 
bits will mark the three types of 32bit words so that sieenng logic knows where to place 
the three words m the dau scnahser 

Simjlariy Sashapak wili need 3 "dau-type" ug bits to encode 8 32bit words (for 6bit per 
U/L) or 4 ' dau-rype" ug bits to encode 10 32 bit words (for 8 bits per U/L). 

16bit RGB 5:6:5 and 5:5:5 and 8blt RGB 3:3:2 can either use the standard VGA daU 
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path, which m 5428 was extended to 16bit wide (used for 16bii/pel lkx768 interlaced) or 
the new dau path, if a phisically new dau path wiU be actuaUy created. 

- MV Dau Path . This is area wise the largest piece. It consists of a new 1 6bii wide data- 
path with the same delay as the VGA data path, that takes MV dau from the MV prtfetch 
cache and the CRT FIFO, treats it appropnatcly depending on the MV data format 
encoded m the MV tags and convens it to 24 bit YUV first and 24bii RGB second. Hon- 
zontal zoom with avaraging (or maybe 5 levels of mterpolauon) is in this block too 

• Larger (26 or 24 sUges) CRT-FIFO, Variable CRT-FIFO threshold and its control 

Because the MS Windows pixel depth and MVW pixel depth don't match, it is necessary 
to reserve CRT-FIFO space to fill in enough high pixel depth data before the MVW dis- 
play starts, in Sashapak this means 10 or 8W (for 8 or 6bits per U/L respecuvcly). 
This funcuon can be implemented as a dinamic threshold size modificauon of the CRT- 
FIFO. If the CRT-FIFO has 24 stages instead of 16 but only 16 suges are used befort the 
MVU' but It is switched to 24 when MV^' fetches start, there will be 8 more stages to fill 
at that ume ensunng more prefetched dau m the CRT-FIFO at the begmnmg of each 
MVW' scan-lme. 

In normal operation the threshold is 8 (or 6 ). 

Here is the sequence of events that follow the detection of MV^\' surt: 

1. Drop CRT* FIFO threshold to 1 to get immediat service 
& make 10 (or 8) more stages available in the CRT-FIFO. 

2. Start fetching ^fV^^ data till CRT-FIFO is full. 
(BLT in progress hiII increase latency) 

3. Increase threshold to 10. 

4. Proceed as such till end MVW. 

5. Load the CRT Address Counter with 

its last contents *f SAdOf 
(where SAdOf = Surrounding Address Offset) 

7. Continue fetching based on the new addrw 

(Stan with random cycle). CRT-FIFO threshold remains the same 
- at least 10 or 8. CRT-FIFO size is still 26 or 24. 

8. At the end of line, upon flushing the CRT-FIFO before prefetch, 
decrease CRT-FIFO size back to 16 keeping the threshold the same. 

9. Go back to #1 for the next scan-line. 

This sequence is appUed if NfVW pixel depth is higher than surrounding pixel depth. 
If Nrvw pixel depth is lower than surrounding pixel depth, then the action described 
at #1 above ukes place at the end of MW^\ instead of the beginning. In other words 
^ll^il^^^ "xension takes place when a swiuhfrom low to high pixel depth occtin. ' 
If Nf\"V\ puel depth is the same as the surrounding, only the address is switched. In 
this case the CRT FIFO depth and the threshold remain the same. 



• Steenng logic decode the tags commmg out of the special addition to the CRT-FIFO and 
the pre.fetch buffer and controls the decompression, formattmg and scnalizauon 
(they tell the formaner what data is Y. U or V). 
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- Wha: about the video senaluer load and the CRT FIFO read signal? What hapens to 
them when in MVW? They are one signal today. 

WHEN the data path switched to display MVW data, what hapens with the VGA Video 
Dau Path is don't care as we do not display that data, except for the h/w cursor anf the h/ 
w icon that do not go through the standard VGA senalizer. So we'll probably stop the 
VGA data path unull the point h/w cursor and h/w icon are combined into it. to save 
power, as we will stop the MW^' data path when not m use. for the same reason. 
So. the Video Serializer Load may be stopped while MVW dau is displayed, but the 
CRT FIFO read will be going on. with a frequency and shape depending on the data 
format loaded in the CRT FIFO for display. 

in RGB 3:3;: 8bit/pel direct color mode CRT-FIFO read will be generated everv 4 vclks. 
In standard RGB 5:5:5 or 5:6:5 16bit/pel modes CRT-FIFO read wiU be generated every 

two vclks. 

In YL'\- 4.2.2 24bit/pel fYO U Yl V on one scan line) the CRT-FIFO read will be gener- 
ated also even.' two vclks. 

IN Sashapak 10 (for 8bit per U/L) or 8 (for 6bit per U/L) CRT-FIFO read pulses wiil be 
generated every 32 vclks. 

- The MVU' Address Counter, loaded at the beginning of each MVW scan-line with a start 
address calculated based on the Stan MVW' Address and the MVW Address Offset, will 
count at format dependent rate for as long as the CRT-FIFO is not full. Because the CRT- 
FIFO will be emptied faster in the MVW (m general the pixel depth will be higher m the 
.MVU' I there will be requests for more memory cycles when displaying m the MW^'. 

- If either h/u cursor or h/w icon are on. they should be displayed even if the direct dau 
path IS used In this case both video dau pathes will clock and' the steer ug will pomt to 
the \ GA data path when either h/w cursor or h/w icon or both are displayed, even on top 
o: a .NI\- u indov. Please note that neither the h/w cursor, nor the h/w icon'dau go through 
the CRT FIFO or the VGA Dau path except for the final pixel address block and the 
RA.MDAC RAM. though they have a special path in the RAM. So we could stop most 

of VGA dau path (including the internal palene) but not all of it even if we are in 16bit/pel 
mode (the neu one that goes through a separate 16bit dau path). 

- If ue are m a 16bn/pel mode with no h/w cursor or h/w icon, or in a 640x480 MW^' 
mode filling the screen, we can stop the VGA dau path to save power. 

• The off-screen MVW memory will be a programable sun memorv array normally 
pi^ed towards the end of the memory, but before h/w cursor, h/w icon and the half frame 
buffer, even the color one. The sun of the MVW memory will be programable in incre- 
ments of AK^- ( 1 6KB) as a physical address -> Tbits to program. 

-.v™ CR3B(6:0] is the MVW Memory Amy Start Address. 

2.MB configuration will support enough memory to support: 

- one 640x480 3bn/pel window or up to two 320x240 3bit/pcl (Sashapak) -> 32KW 
M<;°il^xa??,'''**° ^^^'^^^ or two 320x240 16bit/pel windows 
figunfuom " ^" ^'''^^^^ ^ 
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- all of the above at the same ume up to a total of two windows though. 

1MB configuration will support: 

- one 640x480 3bit/pel Sashapak window or two 320x240 Sashapak windows or 

- two 320x240 16bii/pcl windows. 

Please note that about 2410^' are needed for 800x600 DS Color STN HFB, the h/w cur- 
sors and h/w icons while about 18ICW are needed for 640x480 DS Color STN HFB and 
that 

- 640x480 4bii/pel requires 38 4K^^' 
• 800x600 4bit/pei requires 60K^\' 

- 1024x768 4bit/pcl requires 98.3KW > 

- 640x480 8bit/pe] requires 76,8KW 

- 800x600 8bit/pel requires 120FCW 

- 1024x768 8bit/pel requires 196-608KU* 

Video Motion Formats supported are: 

- 8bit RGB 3:3:2 gome through the palette (RGB 3:3.2) 

• i6bii RGB (5:5:5 Sierra and 5:6.5 XGA) not going through the paleae -> this is a 16bii/ 
pel that does not require double doiclock !I 

- 4.1:1 array convened to 4.:.; YOYl Y2Y3UV->YOUYIV Y2UY3V for Cinepak 

(with Y2Y3 for the next scan line) 
p - 4.2.: linear YOUYIV from TV Decoder 

g • Sashapak format (we'll support onJy 6bitypel) 

|]] - for 8bit per U/L. 

g 4W(YU/L) + 4WfUVU/Li-^ IWrYMi^ 1W(UVM)=10W=40B 

J "> 40B/32pixcls=320bn/3:pixels=10bit/pcl to fetch from memor>' 

p - for 6bi[ per L'/L 

'J • 3W (YU/l) * 3W rUV U/L) ^ 1 W (YMW IW (UVM)= 8W=32B 

"> 32B/32pixeis = 8bit/pixel 

jg CR3C(3 01 uij] encode the pixel formal for the nrsi motion video window data: 

g Oh = 0000 = 8bii RGB 3.3.2 going through the palette 

jj Ih = 0001 = i6bii RGB Sierra (5:5.5} 

ll 2h = 0010 = 16bit RGB XGA (5:6.5) 

3h = 0011 r 4 2.2 ^XT YOUYIV 
4h = 0100 = 4 I.I YUV linear Y0Y1Y2Y3UV 
5h = 0101 =41:1 YUV array YOYl Y2Y3L^ but Y2Y3 art in next 
scan line 

6h = 0101 = Sashapak 6bits for U/L 
7h = 01 10 = Sashapak 8bits for U/L 
8h:Fh = 0111:1111 =rcser\-ed 

nllnltl " f''^^*^ Cirrus CoDHdential 

CR3C[5] = Enable Live Video in Full Screen Business InformatioD 
CR3C[7) = MW honrontal zoom fdoubhngj 

CR3C(6] = MVU' verucaJ zoom (doubling) qi^ 99801 

Note We u ,]] not support 4:1:1 linear from TV decoder for design simplicir>'. 
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Memory data formats: 

- 8bit and 16bit RGB. as in 5428. 

-4:1:1 Cinepak convened lo 4.2:2 by wriung a 4:2:2 Code-Book 
first scan line -> YOUY 1 V -> One 32bit Word 



second scan line in memorv -> Y2UY3V •> One 32bii Word 
- 4.2:2 linear will be mapped m mcmor\' as follows: 

first scan line YOUY IV 

first scan line Y2UY3V 



consecutive data m the same scan line. 

The tags that accompany the motion video data through the CRT-FIFO mark both the data 
format and the type of data mside the format ( U/L for Y or U.V or mask for Y orU.Vin 
Sashapak . YO, Yl.U or V in 4 2:2 ) 

Double Buffering for MV\\' Video Memory Data 

In order to get a high qualin- Live Video full frames should be displayed at all times. This 
assumes that wnung the video buffer and displaying it arc in sync, which is normally not 
the case 

To solve this problem and provide a simple interface between MVA h/w and the driver. 
Nordic will suppon a double buffer approach. 

Addressing with Sfl«;haparl > 

Sasnapacic stores data for eight scan-iines in one memory page (works only with synchro- 
nous DRAM-s) But due to L'.V sub-sampling diferent data types are not read from mem- 
ory uniformly. 

Qp V the first four scan-lines read at offset 0 in the page, but the second four scan- 
iines read at offset 50H in the page. 

Qn l'.^' we read the same data for each scan-hne. So we repeat reading the same data 
at all times, for eight scan-lines Page addresses to read are AO:EF. If the scan-line is 
ihoner it will end sooner 

Qn Y Map the data should be sequential, scan-hne onenied: fir^t pixels 0 to 639 on the 
nrsi scan line, than pixels 0 to 639 on the second scan line and so on till the 8-th scan hne. 
If the lines have less than 640 pixels. Sasha wants them cropped for the first 4 scan lines, 
and then starting again from the half for the next four scan-lines. This is m sync with Y U/ 
L wnere the last four scan-lincs sian from mid. 

Qn V,^' Map> because of the verucal subsampiing, the same dau is read for two scan 
Imes. so there arc four scan-lmcs worth of dau but each scan-line is read for two consec- 
uuvc scan-bnes. Even if the scan-hne is shorter, there will be a gap every-scan-line: there 
are nx page addresses for each scan-hne up to 640 pixels wide. 
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Memory data formats: 

- 8bii and 16bii RGB. as in 5428. 

- 4: 1 : 1 Cincpak convened to 4:2.: by writing a 4:2:2 Code-Book 
first scan line -> yoUY I V -> One 32bit Word 

second scan line m memon -> Y2UY3V .> One 32bit Word 

- 4:2:2 linear will be mapped in memor>' as follows: 

first scan line YOUY IV 

first scan line Y2UY3V 



consecuuve dau m the same scan line. 



1^ 

u 



m 



The tags that accompany the mouon video data through the CRT-FIFO mark both the dau. 
format and the ry^pe of data mside the format (U/L for Y or U.V or mask for Y or U,V m 
Sashapak. YO, YLU or V m 4:2.;;. 

Double Buffering for M\^' Video Memory Data 

In order to get a high quaiiiy Live Video full frames should be displayed at all times. This 
assumes that wnung the video buffer and displaymg u are m sync, which is normallv not 
the case 

To solve this problem and provide a simple mierface between MVA h/w and the dnver, 
Nordic will suppon a double buffer approach. 

Addressing wyth Sa^f^^p^f 

Sasnapack stores data for eight scan-iines m one memory page (works only with synchro- 
nous DRAM-s) But due to U.V suo-sampiing difercnt data types arc not read from mem- 

or%' uniformJy. 

V VI the first four scan-iines read at offset 0 m the page, but the second four scan- 
lines read at offset 50H m the page 

V ' ^T^r we read the same data for each scan-lme. So we repeat reading the same dau 
at all times, for eight scan-lines. Page addresses to read are AO:EF If the scan-line is 
shone: it will end sooner 

the data should be sequential, scan-lme oncnted: first pixels 0 to 639 on the 
first scan line, than pixels 0 to 639 on the second scan line and so on till the 8-th scan line 
If the lines have less than 640 pixels, Sasha wants them cropped for the first 4 scan lines, 
and then starting again from the half for the next four scan-lines. This is m sync with Y U/ 
L where the last four scan-lines sian from mid. 

On V . V ^^flp , because of the venical subsamphng. the same data is read for two scan 
Imes. so there are four scan-lines wonh of dau but each scan-line is read for two consec- 
uuve scan-hnes. Even if the scan-lme is shoner. there will be a gap every-scan-Une: there 
arc hx page addresses for each scan-lme up to 640 pixels wide. 
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Full Screen in a given graphics mode 



YS 



xw 



YE 



Motion Video 
Window 
Display Position 



WAdOf 



XW8P 



W-here: 

• XS = MV^ HonzontaJ Stan Coordinate (in surrounding 

pel depth memory' c>xies i 

• XW = M\^' HonzontaJ Wjdih ( MVW pel depth memoty 
cycles J 

- VS = Vertical MV^' Sian (in true scan-lines not affected by 

scan-hne doubling or panel vertical expansion) 

- YE = VenicaJ MVU' End 

(ail bus are programmed, in true scan lines) 

- WAdOf = NfVU' Address Offset (a number to be added 

every line to the CRT Address Counter to allow it to jump 
over the MVW without counung through it. 

- XW8P s MVW honzontaJ width expressed in 8 pixel units 

Please note thai MVW horizontal width is defined twice in different units: 
XW defines it on the memory side m memory cycles 
XW8P defines u on the CRT side m 8 pixel units. 
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Video Memon 



MVU Addr. Dtc. 
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MVW. FIFO 



Steer-tag 



VIDEO 
CONTROLLER 
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Sashapak 
and 4:2:2 
Decompr 

Serializer 
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f Ugs 

Data in Different 
Formats 

Data Format 



I 



UpsampUng 
& 

Filtering 
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PALETTE 










I 



YUV.>RGB 



I 



We'll need to 
match the delay 
in the two data ' 
pathes. 



16bit/pel will go through the 
MVM dau path in all cases. 



Video Data 
to 

DAC and Pane! 
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........---ii-— — Nordic - Register Definitions 

I Lfl Registers for Motinn Vi deo Architecture 

5.1 CR34 . MVW XS Register 
Bit Definition 

f7:0] MVW Horiiontsl Start Coordtntte XS (in surroundmg pet depth memory cycles) 

The honzontat position is programmed with 6 pixel resolution (0.8.16.... pixels 
starting from the left sioe of the screen) (up to IK pels in increments of 8 pels). To 
get an eahy warning, we will require XS to be programmed 8 pixels less than the 
actual position; 0 s zero. 1 s 16 pels. 2 s 24 pels. etc. 



5.2 CR35 - MVW Horizontal Width XW Register 
Bit Definrtion 



[7:0] MVW Honzontai Width XW ( MVW pel depth memory cycles) (up to 1K pets m 

increments of 8 pels). To get an early warning, we will require XW to be pro- 
grammed 6 pixels tess than the actual width: 0 = zero. 1 s 16 pels. 2 s 24 pels, 
etc. width. 



5.3 CR36 - Vertical MVW High Position Register 
Bit Definition 
7; Reserved 

iS; Cineoak type YUV to RGB conversion. 

If this bit = 0. YUV to RGB conversion is done according to the standard algonthm 
^ If this bit g 1 ■ the YUV to RGB conve rsion is done based on Cinepak algontm. 

i'S; Excess 128 for YUV to RGB conversion. 

U and V are integer values expressed as two-th complement or excess 128. 

If this bit = 0. the YUV to RGB convener assumes that U and V are expressed in 

2-th complement format (as in Philips SAA715B and SAA9051 TV Decoders). 

If this bit s 1 , the YUV to RGB convener assumes that U and V are expressed in 
^ excess 128 fo rmat. 

!fl MVW Memory Address Offset (W MAdOf MSB) 

[lii Vertical MVW End MSBs (see CR37) Cirrus Coofidcntial 

^ ' Business InformatiOD 

P_0) Vertical MVW Star t MSBs (see CR38) 

^~ CL 99806 
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5.4 CR37 - Vertical MVW Start Register 
BH Definttton 

[7:0] Vertical MVW Stan YS: (m true scan-lines not affeaed by scan-ime doubting or 

panel vertical expansion) 10 bits in CR36[1:0] (msbs) and CR37|7:0] (Isbs). 
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Nordic - Register Definitions 

5.5 CR38 • Vertical MVW End YE Register 

Btt Definition 

[7:0] Vertical MVW End YE: (all brts are programmed, in true scan lines) 

10 bits in CR35[3:2I (msD-s) and CR38[7:0) (IsP-s). 



5.6 CR39 • Surrounding Address Offset Register 
Bit Definition 



[7:0] Surrounding Address Offset: SAdOf (a number to be added ever/ tine to the 

surrounding CRT Address Counter value to allow it to jump over the MVW without 
counting through it. This allows calculating the surounding restart address.) This 
number depends on the surrounding mode resolution. Assuming a maximum line 
of 1024 pels, in incremer^ts of 4 pels per address (6-bits/pel), 256 addresses is 
enough for eight bits 



5.7 CR3A - MVW Memory Address Start Register 
Bit Definition 



f6 o: MVW Memory Address Start; WMAdS in increments of 16KB = 4KW (a phisical 

address 00000.3FFFF for 1MB or 00000;7FFFF for 2MB Video Memory). 
Note that on the CPU side, this Stan Address should be aligned at 16KB. 



5.8 CR3B - MVW Memory Address Offset Register 
Bit Definition 

[7 o; MVW Memory Address Offset WMAdOf (A number to be added to the cun'ent 

MVW Start Address to get the nejct MVW start Address), Having this s/w model 
allows panning through a large image for the MVW. The actual image stored in 
memory may be as large as 2K pixels at 16 bits per pixel (two per wonj) •> 1 0bits. 

1 0bits -> in CR36(5:4] (msb) and CR3B[7:C) (Isb). 
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^ Nordic - Register Definitions 

5.9 CR3C - MVW Pixel Format Register 

Btt DeftnMen , 

n MVW horizontal zoom (dou&iing) 

[6] MVW vertical zoom (doubling) 



[5] Enabte Live Video in Full Screen 



[4] Enable Motion Video Window 



[3:0] Encode format tor the first Motion Video Window as well as full screen grapnics 

going through the MVA data path at lx dot*dock frequency: 
Oh s 0000 s 8 bit RGB 3:3:2 direct (not through the palette), going through MVA 
lh s 0001 s 16 bit RGB Sierra (5:5:5) (at 1x dot-dock frequency) 
2h s 0010 s 16 bit RGB XGA (5:6:5) (at 1x dot-clock frequency) 
3h = 0011 = 4:2:2 YUV Y0UY1V 
4h = 0100 = Reserved for 4:1:1 YUV linear Y0Y1 Y2Y3UV 
5h X 0101 = Reserved for 4:1:1 YUV an^ay Y0Y1Y2Y3UV but Y2Y3 are rn next 
scan line 

6h s 011 0 s Sashapak 6 bits for U/L 
7h s 0111 = Sashapak 8 bits for U/L 

8h= 1000 s 24bit RGB through MVA (at lx dot-ciock frequency) 

9hs 1001 s 8 bit RGB through the palene 

For improved quality of 8 bit/pel. A program can even update the 
palette dunng 8bit live video to get more colors. 

ah= 1100 s 8 bit direa color grey shaded (RsGsB=8bit grey shade) 

To be used tor immage processing in the pnnting industry related 
applications. This mode Nordic can run at 1024x768 as any other 
8biVpei. 

BhiFh = 1001:1111 = reserved for future formats 

When a Motion Video Winoow is created data alwqays goes through the MVA 
oata path. In this case amy the VGA Data Path can be used for the suroundmg 
aata 

If no Motion Video Window, the MVA data path can be used to display full screen 
in any of the above formats. Especially for high pixel depth modes (24, 16bpp) it is 
recommended to use the MVA data path which runs at IX dot-ciock frequency 
and has a larger FIFO than the VGA Data Path. 

A full screen motion video window can be also defined that can be anywhere in 
memory and can njn video or any application in the above formats. 



5.10 



CR3D - Motion Video Window Horizontal Size Regiater 
Bit DefinKion 



Cirrus Coofideorial 
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MVA Data Bus Signature Generation Selection bit 

0 « selects VGA Data Path for aignatire generation 

1 « selects MVA Data Path for aignature generation 
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Motion Video Wondow width in 8 pixel units 
This register is used to specify the horizontal width of the MVW in 8 dot-dock 



CoDyngnt 1993 - Cirrus Logic, Inc. 
Rev 2.0 



34 



February 13, 1994 



'Cirrus Logic. Inc. Ei.^ineenng Specrfrcation 

— — — — ii... Nordic - R#gister Definitions 
units. 

The MVW has to be a multiple of 8 pixels. The value programmed in this register 
is used to temiinate the MVW on each scan line. 
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I Nordic - Register Definitions 

RflQistcrs for Pan^t H^ri^pntal Timino Control 



This set of four registers are used to generate honzontal panel tming with 640x460 or 800x600 
panels and to center honzontally a 640dots or 720dots picture on an 800x600 panel. 

6.1 CR40 • No Center Panel HDE Start Register 

Bit Definition 

[7:0] Panel Honzontal Display Enable Start relative to previous HDE start, in 4 dot- 

dkocK units. The oot-c)ocK used is never divided by two. This register is used to 
program Panel Line Clock Start and Panel Disptay Enable Start with both 
640x400 and 800x600 panels any time no honzontal centehng is needed. 
Used automatical! y by h/w if CR41 and CR42 are not used. 



6.2 CR41 . Panel HDE Start Register to Center 720 dots 

Bit Definition 

[7:0] Panel Honzontal Display Enable Start relative to previous HDE stan. in 4 dot- 

dkock units. The dot-ciock used is never divided by two. The value in this register 
will be automatically used by Nordic to control Panat Line Clock and Panel Hon- 
zontal Display Enable Stan anytime a 720 dot mode (text or graphics - RIX mode 
only) IS centered on an 800x600 panel, if honzontal expansion is on, CR40 is 
used. 

Used automatically by h/w if : 

800x600 panel & No 800x600 graphics mode & 8 dot character clock & 
no honzontal expansion 



6.3 CR42 - Panel HDE Start Register to Center 640 dots 
Bit Definition 



[7 o; Panel Honzontal Display Enable Stan relative to previous HDE start, in 4 dot- 

dkock units. The dot-clock used is never divided by two. The value in this register 
will be automatically used by Nordic to control Panel Line Clock and Panel Hon- 
zontal Display Enable Stan anytime a 640 dot mode (text or graphics ) is centered 
on an 600x600 panel. If honzontal expansion is on. CR40 is used. 
Used automatically by h/w if : 

800x600 panel & No 800x600 graphics mode & (9 dot character dock + honzontal 
display enable >« 50H ) & no expansion ^. rftnr.rfi.«*i«i 

no honzontal expansion ^^^^ Conndcntisl 
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Video Menior\ Interface 
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Marks the latest pinout modifications 
Pins marked RES s ''Reserved'*. These pins are not used. 



m 



Ma:, « 



R7 0.G7 0.B7 0 refer to 24bii TFT panels 
SUD7 0.SLD7 0 refer to I6bit Dual Scan Color STN Panels 
sud3 0.sld3 refer to 8bii Dual Scan Color STN Panels 
LT)3 0. LD3 0 refer to Dual Scan Monochrome STN Panels 
TD7 0 rcicr to Monochrome TFT Panels 
For iniormauon on other panels, check the atuched panel 
_connecuon uole. 
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VSS6 

VCWPCDCIJC 

FrvcE««u&> 

TMlr _ 
KEf ' 
UC 
CUEH 

CSYNC 

VSYHC 

crrvDo 

KSYNC 

OACVDo;_J 

CIJU2X 
OACVSSi 

susmu 

nYVACTVVCIVDCO* 

oscntvcu 
VAVDD — iVCLK 

VAVIS «J . 



V$$! 
OAHO) 
OATIII 
dajt:* 

DAJTJl 

0Ari4; 

DATlSi 
BVDO) 
OAPftl 
DATT' 
0AJ1I) 
OATTtl 
DAT 101 

OAJitn 
OAjti:' 

DATIIS' 

0Arii4i 

OAjll^ 

OATti*) 
DATri 
OaTIIII 
DaTI 191 

DATint 

OATTJtt 
DATTUI 
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DELTA UST OVER PREVIOUS PINOUT RELEASED ON : 

08/26/93: 
-no POLTon SW2/P0LT 

• XVCLK moved from SWl/VCLK/XVCLK lo OSC/XVCLK. This way SWIA^CLK/XVCLK 
became SWI/VCLK. 
09/06/93 

- .AJl panel pms whose names were not siamng with the color panel name were changed such that 
the names sian now with the color panel pm fR7, G7, B7 and so on). So u was only a pin name 
change 

09/12/93 rev. 1.0 and 1.1 
1 Tookou! Whisper Suppon Piw WWRn. WHdn. WAD(3:0). FPCn. 

: Reduced ihc number of CPU Address Pms aDR[24.27) wcni-away. Use HIMEM to 
place une cmp outside 16MB of memor> for linear addressing. 

3 Kjiied CRTM5D and placed CRT Intenace on Host Bus VDD 

4 Introouced VaFC pms m a unique pmout conngurauon in both VESA VL and PCI. 
Added VAFCPU a pulUop to enable VAFC (\"ESA Advanced Fcamre Connector). 

.ADRr:- 24] become VAFC pms. and R;7 4]. Cf7:61 . CUG2K. SUSPL^U. SBYl/ACTl get a configuration 
tor V\FC -> louj 14 p:ns 

SWO VCLK w-iil be used as VAFC DCLK. iosmc SWO pm as panel rypc when VAFCPU is used. 
Ir PCI bus no ADR pm will be shared with VAFC 

aSWOPU ^ill be added on MD pms lo replace SWO pm when VAFC is enabled by VAFCPU SWQPU will 
reaa oack in ine same regisier bii as SW'O. so the BIOS will not feel any modificauon in the repomng scheme 
Tr.: rrup uiu drau more power m suspend *iih VAFC 

f S\o^cC Sw:. SW-i/MCLICXMCLK, the two RESERVED pms and TRWn on NfVDD lo prepare for SDRAM 
r:r. comoaubie opuon m the next Nordic thai supporu SDRAMs It looks that we need only 3 more memory- 
pi rs lo supper SDRAM-s so TRWn will noi be used It was moved so ii is on the right VDD bus if neeoed 

6 .Moved C\T)D3. VSS3, VCLK Synth. H/VSYNC EROMn. SWO per Thomas Hung s 
request lo fir the fioor plan. 

09C1^? 

1 Added AL'XSl on D/Cn as an opuon to be used with CS423IS as CS. 
: Added AL'XS2 on EROMnA^ADRn as an opuon to be used for Sound 
Syntnesizer Chip Selcct. 

3 Rearaneed 5428 FC pins due to a previous error : R5 and R4 should not be used with FC. 
• FCP[ 1 :0J arc shared with G7 and G6. 

- SW2 and the rwo pms reserved for SDRAM were moved in between Video Memory pms 
and Panel pms and one of them is used as FCESYNCn. 

- OVRWis shared with CLK32K. FCBLANKn is shared with SUSPI and 
FCEVIDEn is on SBYl. 

4 Renamed the External Clock PU XCLKPU instead of XMCPU. Cirrus Coandential 

1 0/ l l/?}rcv 17 Business Information 

I Moved some external pull-ups. »u«ii«i 

: Added alternate pm funcuons on panel pins, as well as actual schematic name for cnemeenng 

10/^7/9? 

J Addca U-UUT (called also NTSC-OUT) pms on the panel pins CL 99785 
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10/28/93 rev 1.5 Modifir.nnn. 
1 . Added TVG on EBR0Mn/AUXS2 and took out VADR as an opuon on this pm. 
:. Put back FCESYNCn on RES4SDCLK as an opuon [deleted by mistake). 

11/11/93 rev.2.Q Modifications 

1 . Reset became RESETn. acuve L lo correspond with the defined reset signal for VESA VL and 
PCI. 

2. TFT Panels Dau Pins R7:R0, G7:G0, B7:B0 changed and all pms got rotated to get ihem 
ordered from nghi to left. Due to this change now Rj=TVRi. Gi=TVGi and Bi=TVBi. 

01/06^94 rev 3.0 Modifications 
I Update Panel Dau Pins based on Robin's Table 
: Move MOD pm on a Panel Daia Pm used m 1 Sbu TFT 
3 Move OVRW on a 24bii Panel Dau Pm 

J Removed pm conftgurauon for T\'-OUT suppon with digitaJ encoders. All pms marked TV- 
were rtmoved As a result, some pms hke LLCLK. LPS. FPDE. FPVDCLK have one hincuon now 

5 Removed WavePon pms. mciudm^ AUDVDD toul 7 pms freed 
AVXZ and T\'C muxed on EBROMn are no longer needed either 

6 Added one more CPU address pm: instead of KZMEM. Nordic has now HIMEMO and 
HIMEM 1 . corresponding to CPU Address 24 and 25 or any other external decode of the high 
order CPU address bits. In the process of adding this pin. most CPU Interface pins on the 
nehi side were moved to the nght by one pm 

" Added CRT\T)D supplying HSYNC. VSYNC. CSYNC. NTSC/P.AL CRT and T\' Interfaces 
outpu! buffers 

S EBROMn is snared with TVON. the powcr-on signal for AD720. So. m ISA bus with.on chip 
BIOS supper. AD720 power on cannot be du^ciJv controlled bv Nordic 

9 ACQta pms ror Analog TV' Encooer suppon - AD720 and MCI?"* 

a CSYNC = Composite S>nc signal 

b NTSe/PAL = 1 •> NTSC. 0-> PAL (for AD720. but it is TV Encoder Depenoenti 
c EBROMrvTVQN isee»8} 

10 ASWQPL'-'AJtemate Switch 0 Pull-Up" pull-up on pm 155 MDf 26] was removed, as S WO 
IS now not muluplexed 

1 1 De-muluoiexed some of the pms previously muluplcxed 

a Pm 168 rW'Rn/R£S4PMS is no* RES4PMS. a pin reserved for synchronous 
DRAM suppon 

b SUSPl/BU/FCBLANKn is now SUSPI/BU. not affected by the 
Feaoirc Connector Enable Configurauon 

c As a consequence of b: pm 97 is FCBLANKn (not muxed wtih anythingj. 
Please note thai FCEVIDEOn is sull muxed with SBYl/ACTl as before, as 
Sundby Input and Keyboard Actjviry are less important funcuons m a system, 
d SWO IS no longer muxed on VCUCTCDCLK. So VLK/FCDCLK is a pm 
but It moved to pm 103 m the PVDD area, to be consistent with FC power supply 
i: SWi muxed on MCLK/XMCLK(pmJ97) became SWO This IS just a name change ID have Cirrus CoofldCDtial 
the s^itcnes placed m a more consistent manner Business Informatioo 

CL 99786 
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13 SWI IS now muxed with a reserved pin: RES4CKE. pm 148. which before was totalis 
reserved. The idea here is to go for pu/pd with SDRA>1*s for and SWi . while keeping 
SWO on MCLK even with SDRAM-s. 

14 Pin J 47 IS Reserved. It ts actuaJly one of the WavePon pms. but placed m-betwecn Memory and Panel VDD 
busses (on M VDD) for maximum flexibibty. To achei ve this, the pms on its nghi were moved to the nght by one 
FPVEE <BIAS> moved down to pm 98 (it was 105). 

15 TRWn IS now by itself on pm 96. on FPVDD 

1 6 The names of all flat panel data pins reflect the panel type uble atuched to this document 

. Ql/n/94 rev. 3 1 Modifications 

1 , On EBROMn/TVON -> EBROMn/SLEEPln with SLEEPIn an mpui which if L puis Nordic 
to sleep (as 3C3[0] and 46E8f3). 

2. TVON IS now on RES, but TVON/RES is pm 146 and FCESYNCn/RES4SDCLK is pm 147 

01/22/94 rev 3.2 Modifications 

1. Pin 148. RES4PMS ^vhich was a pm reserved for synchronous DRAM-s, got a function: it is 
now a programable output PRO and it is on FPVDD instead of MVDD. The mtenuon'is to 
opuonaliy use this pm to control a switch between 5V and 3.3V. in which case a H level of 5V is 
desirable. My pnmar>* choice for this function is actually NTSC/PAL pm which is on CRTVDD. 
but if the TV-OLT opuon is used m a system and a switch between 5 and 3.3V is provided, PRO 
may be used 

02/05/94 rgy. 3 3 Modifications 
1. Updated panel intenace table with correct Nordic pm numbers. The pms shifted a bit in the 
last rev but the panel interface table was not updated. 

Q2f2V9^ r:v } 4 Mgdificaugns 

1 T\'O.N* pm can be configured as XRDACCS **Extcma] RAMDAC Chip Select", H if access to 
3C6.3c9 but not for 3C7 lORd, otherwise L. This way Nordic can suppon External RAMDAC 
throuEH the feature connector and generate a chip select for u. so that with minimal external logic 
a R-AMDAC lORD and lOWR can be generated. In previous versions, EBROMn could be used 
as External RAMDAC Chip Select only m ISA. because in any other bus configuration 
EBROMn became SLEEPIn input. SR25f6] configures TVON pm as XRDACCS. At POST this 
bit IS TVON but ll IS reset to L, so m both TV-OUT systems and External RAMDAC systems, 
this bit will have no effect untill we need it to (m both cases the pm is acuve H). g^- 

2 T^Tln pm name was wrong (was TRWn). 

Q?W^ Ttv 3.? Mgdificaiions 
1 PCINBPU (PCI NO.Burst PuU-Up) was replaced by PCIMGPU CPQ Memory.Grani Pull- 
Up ; on MDf23]. GRE(4] enables PCI Burst and the default is disabled. A pull-up on PCIMGPU 
extends Mem.Gnt value from 250nsec to SOOnsec, giving more ume to Nordic to execute a Burst 
Cycle without retrv*. If PCIMGPU pull-up is hooked to MD[23]. PCIPU is no longer needed, as 
both select PCI bus. This saves the need for two external pull-ups in PQ: only one external pull- 
up IS needed to select PCI bus with reduced (MD16) or extended (MD23) Min-Gnt Value. 

03/20/94 rev 3.6 Modificattnn. 
1 For RAMDAC Layout related reasons, IREF, RED.GREEN and BLUE moved down three 
pins. FPVEE. FCBLANKn and TWRn moved up to fill the g^. No funcuonal change. 
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Panel interface Data Formats (compatible with 62xx family except 16/24 bit TFT) 



TFT 






STNColffr 


Monochrome 


24/ 18/ 12/ 


9 bit 




16bit/8bti 


dual STN / sinelc TFT 


Name 


Pin DB4A« 




R7/R5/R3/R2 


140 


(13) 


SUD3 / — 




R6/R4/R2/R1 


139 


(14) 


SUD2/ — 




R5/R3/R1/R0 


138 


(15) 


SUDi / - 




R4/R2/R0 


137 


(16) 


SUDO/ — 




R3/R1 


1 "ifi, 
I jO 




CTTn? / 

OUL// / 




R2/R0 


135 


(10) 


SUD6/ — 




Rl 


134 




— 




-RO 


133 




— 





G7/G5/G3/G2 


131 


(8) 


SLD7/sud3 


UD3 /TD7 


G6/G4/G2/G1 


130 


(7) 


SLD6/sud2 


UD2/TD6 


G5/G3/G1/GO 


129 


(6) 


SLD5/sudl 


UDl /TD5 


G4/G2/G0 


128 


(5) 


SLD4 / sudO 


UD0/TD4 


G3/G1 


127 


(11) 


/ — 




G2/G0 


126 


(12) 


SUD4 / — 




Gl 


125 




— 




GO 


123 




— 




B7/B5/B3/B2 


122 


(41 


SLD3/$ld3 


LD5 / TD5 


B6/B4/B2/BI 


120 


( 3) 


SLD2/sld2 




B5.'B3/B1/B0 


119 


(2) 


SLDl /sidl 


LDl / TDl 


B-i/B2/B0 


118 


( 1) 


SLDO / sldO 




B3/B1 


117 




MOD 


MOD 


B2/B0 


116 








Bl 


115 (23) 






BO 


114 








FPVDCLK 


113 


(18) 


SCLK/XCLKL 


SCLK 


LLCLK 


112 


(35) 


LP 


LP 


LFS 


no 


(22) 


FLM 


FLM 


FPDE 


108 


(26) 


—/XCLKU 


~/DE 
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CL-GD7542 (Nordic) 

LCD VGA Controller 
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PRELIMINARY DATA BOOK 
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CL-GD7542 (Nordic) Version History 



Revision 1.0.1 - May 19, 1994 
Revision 1 .0.2 - June 20. 1994 
Revision 1.1 - August 26, 1994 
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CL-GD7542 

Pnlimmasy Data Book 



FEATURES 

m SinglMhipSupM'VQALCDeontroll^r 

— BM^d upon rnkiitry taring CL^D542X (Wciop VGA 
_ BK>S«nddnw«opbmii«dtfDmCL-GD542Xcod» 

— IBM»VGAhaithw»<»rrtp«Mb4e 

■ GUIaec«teraten 

— BitSLT (M Wocktwwitf) •ngme 

— Colorei9anstontor8-or1G-Mpaels 

— Tnjepactea<H«ff dd wt ingtof4>. 8-.and1frbPP 
_ Progmmmabie hn«ar memory addiessing 

— 32x32or64 x 64rurdwmcur3or 

■ Muttimedia atf tofrton and •nhancwnent 

• True-color, tul-modon vidao pitytack 

• MuftMormat frame buflaf 

• imegrated YCrCb: RGB ootor tpac» oonverter 

• 2x honzorui^mcal har^wam zoom 

— B-Mt««tur» connector port or video owertay 

— intertecetoanatogerwoderalorNTSC/PAL-oat 

■ 64 X 64 pixel aiza hardware popHip loom 

_ Dectays lo totf mdepartOenOy oontjoled. 4-ootor 



GUI-Accelerated SVGA LCD 
Controller with MVA"^ Multimedia 
for Portable Computers 



■ inla9ratad24-bltfru»<elorRAMDAC~ 

— 640 X 460 nooHmeftaced. 16M colors 

— 800 X 600 norHnlartaoad64K colors 

— 1024 X 768 norHnartaoad. 256 colors 

— 1280 X 1024 fftterlaoed, 256 oolofs 

■ 640 X 480 md 800x6001X08 

— Ouaf-acan color and monochrome STN LCDs 

— Color.«elivematnxLX:OB(9-.12-.16-.and24M 
) 



a2<6tt dt f ct-con n act CPU host bus InteHaces 

— -486 CPU tocal bus (up to 50 MHz O 5V) 

— VESA* VL-Bus-* 

— PCI rysiam txA wrm burst Kjppon 

• Big-enc&ant^^ia-orderheRlwart support tor PowerPC 

Scatabte 1- and 2-Mbyte display memory 

~ 32-b«r-w«)etertsc» to dsolay memory 

~ Twoorfour256Kx16DRAMs.ortour512Kx6 0FUMs 

Integrated programmable frequerKy synthesizer 

— VCLK up to 85 MHZ O 5V. 65 MHZ 03.3V 

— MCLX up to 50 MHZ O 5V. 45 MHZ O 3.3V 



— Active addrassvig LCDs 

— DtthsnnQ algorism automatally adds 19 10 6 bto^- 
prsnary color «4ihoU dacraasno spaltel fsaok^ 

— Enhiyced h a; na»iaia moduialion al gu th n 'i ■i i p cwa a ^ 
play qualty with taat-iaiponae STN LCOs (-100 me) 

— SmjlSCAN*>»(anHAaneouBCRrsndLCO) 

■ Power-managamant capabllltea 

— 3.3V S.OV. and moced-voltaga oparabon 

— Hardware suspend rpui psi or ediwaia I 
• SeH-retraehORAMs or ORAM ratraahvu32-lcHz dock 

— imemal timers lor Stan^ mode and bad^ control 

— LCD power sequencng 

— VESAS DPMS (Display Power Managsmsnt Signsing) 

— DOC-1 (Dttplay Data Channel) support 

■ ElAJ Standard 20B-pin plastic quad flat package 



Functional 
Block Diagram 
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CL-GD7542 

Super VGA LCD Qmtrolkr 



OVERVIEW 

IhB CL-607542 GU»-ftCO6iefSt0d SVQA LCD oontroMer 
with MobonVideo^ pravidM the p^nommnoB and int»- 
gmtion raqutrtd for the naxt generstion of mib-mnge to 
premium portable computers. Features of the 
CL^07542 include BABLT QUI accelerHion, 800 x 600 
LCD support tme-oolor capability, and mixed-voltage 
operation for low power consumpbon. A complete graph- 
ics subsystem can be bult usmg only three active oompo* 
nents: the CL-G07542 and two DRAMs. 



System manufacturers can further Menentiaie their por- 
table products by tatong advantage of the video multi- 
media enhancement and acceleration capabtfities of the 
MotKxiVideo architectups. ive-video overtay, and, with an 
exte maJ analog encoder, video output support offered for 
the following standanSs: 

• NTSC (National Television System Committee) 

• PAL (Phase-Aitemation Una) 



ADVANTAGES 
Uniqu0 f^9tum 
High Performsnee — 

■ BABLT engrw, ooior n^amon, har^fvsfs cursor, linear 



addressing, and 32^(i memory ntertaos 



QW 32"b(i loca/ bus rteftaces, Operating up to 33 MKz, 
fidudes si^pon for PCt wtth burst mode 

i4 Hamwsm ipop-up' cons 



4 um media — 



m MVA (Mooor^Video*^ Archaecture) 



Mufthtormat frame bufter YCrC&-t>AQB ooior space 



fjf 2)( harOMin zoom for ptayback 

.fp imertaoe to hTTSC/PAL analog encoders 

m 

^nhanced LCD Supgcrt — 

III 600irG00LCD&«pon(boChTFTanddua}-tcanSTN)wii»i 
\^ comprehorwve resotuborHOorrvensabon si^port 

¥ Enr\anoeti fram-rate moouiabon 

a intaii9»ni drthenng ajgonthmajQonds the number of input 
Dfts per R G and B on TFT or STN LCDs 

Power Management — 

a 3 3V S Ov or maeo-vona9e supoort 

■ Marw^n^nnftaied SiandDy and Suspend mode* and 
VESA» OPMS uw>rt for CRTs 

Design Flexibility — 

■ VGA contro»ef«mn integrated FUMDAC.OuaMrequefvy 
C40CH syntnewer m a 20e-pin PQPP 

Big^ndam Dyie oroenng m dispiay memory with PCl ftosi 
interlace 

Software — 

■ Dnvers $upp**ed tor aD-graohcs horanes and emerging 
APis (ajvanceo programmmg mtertace) lor 9an>es 



I InfortDStioD 



BenentM 



D Accetsrates GUis such as Mieroeoff Windows^; provides 
high resokfbon and ooior<dspei capaMities. 

O Increases lystsm throu^ipuK; PCI intertaoe aiows use m 
XB6, PowerPC*, or otfier platforms. 

□ Provides hot-4cey diiptay for orvween symbol such as 
battery fuei gauge, oontrasUbrignMss cofMs, etc. 

D Enhances video ptaybacfc capablhies to si^pport up to 
30 tpe witn 24-bpp color quaUty. 

D Dnplays sepanie graphics and video windows at 



D Emaryes video with tttte or no frame rste reducbon. 

D Allows ive TV tn a wnloW capabltty. 

D Integrated CiSSign can be davetoped to daplay computer* 
generated dau on a TV or record to a VCR. 



D Supports latest LCD technology and enables ft 
ddpiay area whether m graphcs or text mode 

3 improves ^splay quakty: reduces croastak 
cursor 'submanmng'. 

□ D«p4ays high- and tnie-oolor modes with 
(no oontounng) on alt aupponed LCD types 



of the 
and 
shading 



O Mmimues ooenitir>g power consumption; providas 
.Tianutactunng flexibility 

3 Reduces power consumptton; supports Energy Star 
morvtors tor 'green PC* compliance. 

3 Mtnimzes chip count and board space required tor the 
disptay subsystem. 

3 Supports X86 designs with tftbe-endun dau. suppons 
PowerPC^ designs with big-«ndAn dau. 



3 Supports emerging sundaros for Wrtdows-based 30 
apotcations 
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"ORRUS LOGIC 
Software Support 

Optnting Sytfm and AppHeaUon 



CL-GD7542 

VGA LCD Controller 



Seftwan Drtvun 



SoftwBfi Drivart* 


RMoMion Supported 


Numter of Colors 


Mciwoff*/»nt©#* DO vl.4 


640 X 460, 800 X 600. 1024 x 768. 1280 x 1024 
640 X 480. 800 X 600. 1 024 X 766 
640x460.800x600 
640x480 


256 ootore 
16 And 256 oolofs 
65f536 ootofv 
16.8 Fnflhon colors 




640 X 480. 800 x 600. 1024 x 768. 1280 x 1024 
640 X 480. 800 X 600. 1024 x 768 
640 X 480. 800 X 600 
640 x 480 


f II 1 1 
£DO oofon 

16«nd256ootors 

6Sf536 ootofs 

16JmAancolori 


(curmmiy for 'XB6: fwurt tor PomrPC^ 


640 x 480.800 x 600. 1024 x 768 


16 and 256 colon 


OS/2'»'viO. V2.1 


640 x 480.800 x 600.1024 x 768 
640 X 480. 800 X 600 
640 x 480 


16 and 256 colon 
65.536 colon 
16.8 milion colors 


AutoCAD* V1 1. v1 2 


640 X 480. 800 X 600. 1024 x 768 
640 X 480. 800 X 600 
640x480 


16 and 256 colon 
65.536 colon 
16.8 milbon colon 


Autoshade* v2.0 
30 StuAo»vl. v2 


640 X 480. 600 X 600. 1024 x 766 
540 X 480. 800 X 600 
640x480 


256 colon 
65.536 colon 
16>8 fnlion colon 



' Onwr supoort tor AOdoonAi «pplcibonB m p fuvrtad &y nd»p*nboni softwrnn wndon. mfOm wim ipoctfic dnwt or thnu^ 
VESA mode supoort In many nstanoas. exstng dnwn tor the CL-GD542X can be uaad wtth the Ct*OD^42. For mon 
informatjon ooncemtng dnver suppon. contact the sbftwart manufacturer. 

a/OS 



Feature 



AvKiiaM as 4d-Kbyie BtOS to provide 
opomum periormance wrth VGA and VESA< 
eAerxtoC mode >t£pon. or as a 32*l^e 
cutset wnn a l6-k9v^e-f*iocatabie module or 
loaded as TSAs (terrwate and stay resident) 



O PiwK)e s system design options lor the best combination of 
performance and tunctionalfty. 



3 Enaurvs compatibitftv wrth the ensting base ol PC apptcaoons 



Pul^ IBM* VQA-oompatbie BIOS 



VESA* VBE <videoBr05 extensions) 1.2 and 
PM (power managemani) support 



O Compatible with ir^dustry standard tor eidended mode si^pon 
beyer^ VGA and power-management control. 



Software Utiftttes 



Utihty 



OEMSi 



Function 

LCD param eief opumujuorv utility tor OEM devetopment use 

etOS-customtzation utiffy for OEM development use 

VGA contfoiief reysier v>ewef/ed»ior lof OEM development use 
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voeo configuntion TSR (terminate and suy 



nt) 



CLMode 



Video mode and video Oisoiay condguraiion utrfrty suitable lor end-use distnbution (ndudes 
foreign language transuions) 



WtnMooe 



Windows** application tor graphic mode and display type configuration (includes foreign 
language tnnsiations. seiectabte from wrthm the utilfty) 



j Windows'* application lof automatically switching display resolutions (for example, from a 
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1. Pin Definitions and Block Diagrams 



1.1 Pin Definitions 
1.1.1 Pin-Out Diagram 
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1.1 J PlnTabte 

T«fa<« 1-1 . Pint, by Numbr 





Pin No. 


rin NwfW 


Pin Na 

r m no* 


Pin NAfM 


Ptoi Ho. 


BIm htm — m 
fill nuntm 




1 


MD(1] 


37 


A [21) 


73 


ovuui 




2 


M0{0] 


38 


A (221 


74 


D[5] 




3 


DEVSEL#/LDEV« 


39 


A 123] 


75 


0|4) 




4 


TRDY#/RDy» 


40 


HIMEMO 


76 


0(3] 




5 


INTR/lffm# 


41 


HIM EMI 


77 


0(2] 




6 


VSSi 


42 


VSS2 


78 


0(1] 




7 


CUC/LCLK 


43 


D[31J 


79 


DID] 




8 


IRDY# / ROYRTN# 


44 


0(301 


60 


vSS5 




9 


FRAME* /AOSf 


45 


0[29] 


81 


SLcePf / uROMt 


mi 


10 


IDS£t«/W/R« 


46 


0(28) 


82 


VAVSS 


-C 


11 


MAO* 


47 


BVD02 


83 


VRLTER 




12 


RESET* 


46 


0(27} 


84 


VAVDD 




13 


C/BE3* 


49 


0(26) 


85 


OSC 




U 


C/BE2* 


50 


0(251 


86 


SBYI / ACT! / rCcVlOcO* 






C/BE1* 


51 


0(24] 


87 


SUSP! / BU 


^r. 


16 


C/BEO» 


52 


VSS3 


88 


DACVSS1 




17 


A [2] 


53 


0(23] 


89 


CUC32K 




16 


A [3] 


54 


0(22] 


90 


0ACVD01 




19 


A|4] 


55 


0(21] 


91 


HSYNC 




20 


A [5] 


56 


0(20] 


92 


CRTVDO 




21 


A 16] 


57 


0(191 


93 


VSYNC 




22 


A [7] / STOP^ 


56 


0(18] 


94 


NTSC / PAL 




23 • 


A fS) / PAP 


59 


0(17) 


95 


CSYNC 




24 ! 


AOi 


60 


0(16] 


96 


BLUE 




25 \ 


A 110: 


61 


D|15] 


97 


GREEN 




26 ; 


A|11! 


62 


'CVDD2 


98 


REO 




27 I 


A|i2; 


63 


0(14] 


99 


IREF 




28 


A 113 


64 


0(131 i 


100 


R0S9rved 




2S 


A fu; 


65 


D[121 1 


101 


FCBLANK* 




30 


A f15j 


66 


Of11) 


102 


FPVEE 




31 


A lie; 


67 


VSS4 


103 


VCLK / FCDCLK 




32 


A[171 


66 1 


0110) 


104 


VSS6 



33 



35 
36 



A 116, 



A M9' 



Af2o; 

CVDOi 



69 



0[9] 



70 



D[8] 



71 
~72 



om 

Df6] 



105 



106 



107 
108 



FPBL 



FPVCC 
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Table 1-1. Wiw, by Number 









Pin No. 


Pin Nam« 


Pin NO. 


Pin Nmm 


Pin No. 


Pin Namt 


109 


DACVD02 


143 


FCP {61 


177 


MAP) 


110 


LFS 


144 


FCPPl 


178 


MAP) 


111 


DACVSS2 


145 


VSS8 


179 


MAIU 


112 


LLCLK 


146 


TVON/XRDACCS 


lao 


MA(0] 


113 


PPVDCLX 


147 


FCESYNCt 


181 


CAS*/WEi 


114 


FP[0]/FCVCLK 


146 


PROG 


182 


OE« 


115 


FP[1]/0VRW# 


149 


SW1 


183 


RAS(0] 


116 


FP(2] 


150 


SW2 


184 


RASII] 


117 


FPOl/MOO 


151 


M0{31] 


18S 


VSS10 


118 


FP(4] 


152 


M0{30) 


186 


M0(15) 


119 




153 


MDf29) 


187 


MD(14] 


120 




154 


MD(26] 


188 


M0(13] 


121 


CV0D3 


155 


MDf27] 


189 


MD(12) 


122 


FPm 


156 


MD(26) 


190 


M0(111 


123 


FP(81/SBYST#/F=CPI0] 


157 


M0|251 / VAFC 


191 


MD(10] 


124 


VSS7 


156 


MD(24] 


192 


CVDD4 


125 


FPf9]/SUSPST«/FCP111 


159 


MD(23]/Pa-MQE 


199 


M0r9) 


1 126 


FP (10] 


160 


MDf22] 


1»4 


WE[O)*/CAS(0)# 


127 


PP [111 


161 


M0(21)/S46 


195 


WEI1)«/CAS{1)« 


1 128 


PP[12) 


162 


MV0D2 


196 


M0(81 


129 


PP[131 


163 


MO(20I 


197 


swo 


130 


FP [14] . 


164 


M0(19] 


196 


VSS11 


131 


FP(1^ 


165 , 


M0(1S)/FVL 


199 


MAVDD 


132 1 FPVODi 


166 


MD(17) 


200 


MRUER 


133 


FP(16] 


167 


MD[161/PCl 


201 


MAVSS 


13* 


FP[171 


166 


VSS9 


202 


MD(7] 


135 


PP(ie] 


169 




203 


MD(61 


136 




170 


WE[2)« / CAS(2)i 


204 


MD(5] 


13" 


FP[2o; 


171 


MAI91 


205 


MVDOl 


i3e 


PP [2i: 


172 


MA{8} 


206 


MD[4] 


139 


PP [22; 


173 


MAPI 


207 


MD[3I 


14C 


PP [23; 


174 


MA|61 


206 


M0[2] 


14* 


PCP [4; 


175 


MAI 51 






142 


PCP[5: 


176 


MA|4] 
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1^ Block Diagram*: LCD Interfaces to CL-GD7542 

1^1 TFT (512^olor) to 48S0X or VESA S2.Blt Local Bus. 2-Mbyte S12K x 8 ORAM, Video Port 
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1^3 Dual-Scan Color (16-Blt) to PCI Bus, 1-Mbyta 256K x 16 ORAM. 
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1^.4 Dual-Scan Mono (8-Blt) to 486DX or VESA 32-Blt Local Bus, 1-Mbyto 256K x 16 DRAM 




W 



i5 




mo 












■.0 





Ornis Confidenbat 
Busaoeu laforiDition 

CL 28447 



Prebminan Daia Book 



23 




CL-GD7S42 (Nordic) 



CIRRUS loac 



CUIXSVGA LCD OmmMer with MVA 



1 JL5 Dual-Sean Color (16-Blt) to 4860X or VESA 32-Bit Local Bus, 1-Mbyto 2S6K x 16 DRAM, 
NTSC Output 



31 



1^ 




Note 

if* tnts Oi^grnm the must oe titsconneaec ivnen using. the VTSC output 

Thts magt^m tUustntes generai signal connecttons All mformst/on ts prehmmsry snd sutfmct 
to cnange ^or oetaitec oesign examples, refer to me CL'GD7$42 ApplCMtton HanOPopk 
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1^6 TFT («>Bit Color) to PCI Bus. VMbyta 256K x 16 DRAM, PC Inttrtaeo 
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2. Detailed Pin Descriptions 

Th« following abbreviations are used for pin types in the following sections: 

(I) indicates Input 
(O) indicates Output 
(1/0) indicates a bidirectional function 

(I or 0) Indicates either an Input or Output function, depending on the mode 
(OC) indicates Open-Collector Output 
(3*S) indicates 3-State Output 
(#) indicates adive-fow function 

2.1 Host Interface Pine — VESA Local Bue and PCI Bue Pin Identification 

As exptajned in this section, a number of bus interface pins are defined according to the local bus type to 
which the CL-GD7542 is connected. 
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2.1.1 Host Interfae* - '4«6 or VESA Local Bus Pins 



Pin No. 



Local Bus Nama/Description 



A[232] 


39:37 1 
35:17 


ADDRESS [23:2]: These inputs are used to select the re- 
source to be accessed dunng memory or I/O operations. 


BE[3:0]# 


13:16 1 


BYTE ENABLE[3:0]*: These active-tow inputs are connected 
directty to the corresponding CPU Pyte-enable output 


0(31:0] 


43:46,46:51 1/0 

53:61,63.66 

68:7274:79 


DATA [31:0]: These bidirectionai pins are used to transfer 
data dunng any memory or I/O operation. 

For the VESA Local Bus or '486 32-btt Local Bus. these pins 
are connected directly to D(31:0]. 


HIMEM[0:1] 
A(2425] 

i 
\ 


40,41 1 


HIGH MEMORY [1 :0]: These acth^high inputs are a decode 
of the upper CPU Address bits. Normally, these inputs are 
used as A[24:25]. However, they can be used as A[31:30] and 
leave 2 GBytes of upper address space for MPEG (Moving Pic- 
ture Experts Group) and JPEG (Joint Picture Expert Group) 
boards. 



lllNTTR 



3-S IKTERRUPT REQUEST: This active-high output indicates that 
the CL-GD7542 has reached the end of an active field. Specifi- 
cally, the transition occurs at the beginning of the bottom bor- 
der. For a description of controls for this pin, refer to Register 

CR11(3:0J. 



ADDRESS DATA STROBEt: This active*iow input indicates 
that a new cyde has begun. The AOS# signal is generated 
from a decode of the CPU output signals. A[23:2] and M/IO#. 
This output will be low t>efore the middle of the first timing (T2) 
cycle after ADS# goes low. 



S^CLK 



This pin must be connected directly to the A05# ptn on the 
local bus. 



LOCAL CLOCK: This actrve-low Input Is the timing reference 
when the CL-GD7542 is conr>ected to a '486 Local Bus. 



For the VESA Local Bus. thts pin is connected to LCLK. For the 
'486 Local Bus. thts pin ts connected to CLK1X. It no CLK1X is 
available from the '486. CLK2 must be divided by two and tied 
to the CL-GD7542 LCLK pin. and clock skew must be less than 

2 0 ns. 

3 OC LOCAL BUS DEVICEt: This open-collector output ts driven 

low to indicate that the CL-GD7542 will respond to the curent 
cycle 

This pin is connected to LDEV# 
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2.1.1 Ho«tlnt«rfac» — •4»6 or VESA Local Bu» Pint ^cont; 
Pin Name WnNo. Type Local But NamWD— criptlon 



11 



MEMORY V0« Thit input indicatts whether a memory or I/O 
operation is to occur. It mmt t)e connected directly to the 
M/IO# pin on the CPU. When M/IO# is Ngh, a memory opera- 
tion IS selected. When M/IO is tow, anI/O operation is setected. 



r5y5 ' 4 READYt: This active-low signal is used as an ou^ut to temni- 

nate a CL-GD7542 bus cycle. 

For VESA Local Bus, this pin is connected to the LRDY# pin. 
For the '486 Local Bus, this pin is connected to the RDY» pin. 



RDYRTN# 



RESET* 



12 



READY RETURNt: This input establishes a handshake 
between the CL-QD7542 and VESA Local Bus so that the CL- 
GD7542 is informed when the cyde has ended. RDYRTNt typ- 
icalty goes low in the same LCLK cyde that LRDY# goes low. 
When LCLK is higher than 33 MHz, RDYRTNt may trail 
LRDY# by one LCLK cyde. During DMA or system I/O bus 
master operations, RDYRTN# goes low for one LCLK cyde 
when the DMA or system k/O txis masters command ends. 

For the VESA Local Bus, this pin is connected to RDYRTNt. 

For the '466 Local Bus, this pin is connected to RDYff. 

RESETt: This input, when low. initiaUzes the CL-GD7542 to a 
known state. The trailing (rising) edge of this input loads the 
Configuration registers SR22[7:0) and SR24{7] with the data on 
MD(25:161 pins. The data on the MDI25:161 pins is determined 
either by internal pull-down resistors or optional external pull-up 
resistors. When RESETt is low. It forces all outputs to a high- 
impedance state, and it initializes all registers to their Reset 
state 



SLEEP* 



81 



SLEEPt: This active-low input is used by the external hard- 
ware to put the CL-GD7542 into bus Sleep mode. When this 
input IS low, the memory and I/O interface is disabled, and the 
displays are turned oft. Once this pin is low, no other chip 
access is possible until this pin goes high. 



10 



WRITE/READ#: This input indicates whether a wnte or read 
operation ts selected by the CPU. It must be connected directly 
to the W/R# pin on the CPU. When W/R# is high, a wnte will 
occur When W/R# is low. a read will occur 
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2.1^ Ho«t InterftM - PCI Bus Pln» 

Pi nK<me PlnNo> Type Loci B w Ftaunc/Descriptlon 

AD[31:0] 43:46.48:51, I/O ADDRESS AND DATA (31:0): TheM muttiptoxad. bidirST 
53:61 , 63:66 tonal pins are used to transfer system address and data during 

68:72.74:79 any memory or 1/0 operation on the PCI Bus. During the first 

dock of a transaction, these.pins contain a 32-M physical byte 
address. Dunng subsequent clocks, they contain data. 

These pins directly connect to AD[31 :0] of the PCI Bus. 



C/BE#[3:0] 



"IP 



3;,, 



13:16 lorO COMMAND AND BYTE ENABLE«t3:0]: These muttplexed 
pins are used to transfer Bus CommarKi and Byte Eruibles dur- 
ing any memory or I/O operation on the PCI Bus. During the 
address phase of the operatioa these pins define the bus com- 
mand. (Refer to Table 2-1.) During the data phase, these pins 
are used as Byte Enable Outputs. C/BE«0 applies to Byte 0. 
C/BE#3 applies to Byte 3. 

These pins directly connect to C/BE#[3:0] of the PCI Bus. 
Table 2-1 . Command and Byte Enat>le# 



4% 



C/BE« 


CommartdType 


ments 


P] 


[2] 


11] 


10] 


0 


0 


0 


0 


tntemjpi AcknowMoe 




0 


0 


0 


1 


SpaoalCyde 




0 


0 




0 




VWid 


0 


0 




1 




Valid 


0 


1 




0 






0 


1 




1 


ReMrvttd 




0 


1 




0 


Memory R«ad 


Valid 


0 


1 




1 


Memory Wnte 


Valid 




0 




0 


AaMfved 






0 




1 








0 




0 


Configuraton Read 


vwid 




0 




1 


Conftquration Wnte 


vutd 




1 1 0 1 0 


Memory Read MuRipie 






1 


0 1 1 


Dual Address Cycle 






1 1 1 


0 


Memory Read Une 




1 1 1 : 1 1 1 


Memory Wme and trwalidate 
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2A2 Ho«t Interfao* - PCI Bus Pin» (eont.) 

PinNamt Pin No. Typ» Local Bus N«ii»©«sertptton 






7 


1 


it is connected to a PCI Bus. 

This pin must be connected tfrectly to the PCI Bus CLK pm. 






3 


OC 


' device select*: This open-collector output is dnven low to 
indicate that the CL-GD7542 wiU respond to the current cyde. 




FRAME# 


9 


1 


FRAMEt: This active-low input indicates the beginning and 
duration of an access. FRAME* goes low to indicate the begin- 
ning of a bus transactioa While FRAME* is low. data transfers 
continue. The transaction is in Its fvtal data phase when 
FRAME* goes high. 




IDSEL 


10 


1 


INITIALIZATION DEVICE SELECT*: This active-high mput 
signal is used as a chip select in lieu of the upper 24 address 
lines during configuration read and write cycles. 


%i 
%k 


IISTTR* 


5 


3-S 


INTERRUPT REQUEST*: This active-low output indicates that 
the CL-QD7542 has reached the end of an active field. Specifi- 
cally, the transition occurs at the beginning of the bottom bor- 
der. It is controlled by register CR11[3:0]. 




IRDY# 


8 


1 


INmATOR READY*: This active^ow input establishes a hand- 
shake between the CL-GD7542 and PCI Bus. so that the CL- 
QD7542 knows when the cyde has ended. Wait states are 
inserted until both IRDY# and TRDYi are low. 




PAR 


23 


3-S 


PARfTY: This signal provides even parity across AD(31:0) and 
CyBE#[3:0]. The CL*GD7542 samples this signal dunng wme 
cydes. and transmits the correct parity for read cydes. 




RST# 


12 


1 


RSTt: This input when low, inrtiatizes the CL-GD7542 to a 
known state. The trailing (rising) edge of this input k>ads the 
Configuration registers SR22[7:0) and SR24[7] with the data on 
MD[25:16], which is determined either by internal pulldown 
resistors or optor^l external pull-up resistors. 




STOPtf 


22 


3.S 


STOPt: This active-low output indicates a cun-ent request to 
the PCI Bus Master to stop the cun-ent transaction. 



TRDVs 4 3-S TARGET READY*: This active-low Signal IS used as an output 

to terminate a CL-G07S42 bus cyde. 
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CL^D7S42 (Nordic) 

V-f f5Df IC f r^/^ir- ^^^^ Comrolkr wah Af VA™ 

2.2 Flat Panel LCD Interface Pins 

The fiat panel LCD interlace is determined by the type of LCD ftat panel used. Refer to the Cirrus Logic 
CL<<SD7542 PaneJ Interface Connection Table in the CL-GD7542 AppiiC^Uons Book for specific con- 
nection information. Also, see Table 1-3 for LCD-vs*Pin cross-reference. 



Pin 
Name 


Pin 

.# 


Pin 
Type 


Pin 
Function 


DMcriptien 


FP(0] 


114 


0 


BO 


24-BrT TFT BLUE BIT [0]: This bit is BLUE Color Data Bit 0 
(LSB) for 24.bit TFT color LCDs. 


FP[1] 


115 


0 


B1 


24-BrT TFT BLUE BPT [1]: This bit is BLUE Color Data Bit 1 for 
24-btt TFT color LCDs. 


FP[2] 


116 


0 


B2 
BO 


24-BrT TFT BLUE BFT (2]: This bit is BLUE Color Data Bit 2 for 
24-bit TFT color LCDs. 

Ift-BfT TFT BLUE BIT [Q: This bit Is BLUE Color Data Bit 0 
(LSB) for 18-bit TFT color LCDs. 



& FP[3] 117 O B3 24.BrTTFT BLUE BIT [3]: This bit is BLUE Color Data Bit 3 for 

#. 24-bit TFT color LCDs. 

ft 31 la-BfT TFT BLUE BIT [1 J: This bit is BLUE Color Data Bit 1 for 

18-bit TFT color LCDs. 

^ 118 O B4 24-Brr TFT BLUE BfT [4): This bit is BLUE Color Data Bit 4 for 



24.bit TFT color LCDs. 
B2 1 S-BIT TFT BLUE BtT I2J: This bit is BLUE Color Data Bit 2 for 
7p= 18-bit TFT color LCDs. 

& BO 12-Brr TFT BLUE BfT [OJ: This bit is BLUE Color Data Bit 0 

\ (LSB) tor 12-bit TFT color LCDs. 

a SLDO IS-Brr STN color lower BfT [0]: This bit is Lower Data 

Brt 0 (LSB) for 16-brt dual-scan and single-scan STN color 
Jl LCDs. 

f[j SLDO 8-Brr STN COLOR LOWER BIT [OJ: This bit is Lower Data Bit 

'IP 0 (LSB) for &.bit dual-scan and single-scan STN color LCDs. . 

LDO LOWER DATA [0]: This bit is Lower Panel Data Bit 0 (LSB) for 
dual-scan STN monochrome LCDs. 
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2.2 Flat Panel LCD Interface Pins (cont) 

Pin Pin Pin Pin 

Name # Type Function Description 



FP[5] 119 O B5 24.Brr TFT BLUE BIT [5]: This brt is BLUE Color Data Bit 5 for 

24-bit TFT color LCDs. 
83 IS-BfT TFT BLUE BIT [3J: This bit is BLUE Color Data Bit 3 for 

18-bit TFT color LCDs. 
B1 12-BrT TFT BLUE BIT [1]: This bit is BLUE Color Data Bit 1 for 

12-bit TFT color LCDs. 
BO ^BIT TFT BLUE BfT P]: TWs Wt is BLUE Color Data Bit 0 
(LSB) for &-btt TFT color LCDs. 
SLD1 16-BrT STN COLOR LOWER BIT [1]: This bit is Lower Data 

Bit 1 for 16-bit dua^scan and single-scan STN color LCDs. 
SLD1 S-BFT STN COLOR LOWER BfT [1J: TNs bit is Lower Data Bit 
^ 1 for B-bit duai-scan and stngle-scan STN color LCDs. 
m LD1 LOWER DATA [1): This Wt is Lower Panel Data Bit 1 for dual- 
ly scan STN nwnochrome LCDs. 

H FP[6i 120 O B6 24.Brr TFT BLUE BIT [6J: This bit is BLUE Color Data Bit 6 for 

;p 24.bit TFT color LCDs. 

iS B4 1 a-Brr TFT blue BFT [4]: This bit is BLUE Color Data Bit 4 for 

18-bit TFT color LCDs. 
82 12-BrT TFT BLUE BIT [2]: This bit is BLUE Color Data Bit 2 for 

12-brt TFT color LCDs. 
81 &-Brr TFT BLUE BIT [1 J: This bit is BLUE Color Data Bit 1 for 
9-bit TFT color LCDs. 
SLD2 16-Brr STN COLOR LOWER BIT [2]: This bit is Lower Data 

Brt 2 for 16-brt dual-scan and single-scan STN color LCDs. 
SLD2 8-Brr STN COLOR LOWER BfT [2J: This bit is Lower Data Bit 

2 tor 8-brt dual-scan and single-scan STN color LCDs. 
LD2 LOWER DATA f2]: This bit is Lower Panel Data Bit 2 for dual- 
- scan STT^ monochrome LCDs. 
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CIRRUS LQG/C ^ 

22 Fiat Panel LCD Interface Pins (conL) 




Din 

Kin 


Pin 


Pin 


Pin 




NflfPG 


# 




Function 


Description 


com 






ft7 
D/ 


OA^WT 7b 1 RL UP RIT ffil* Thi« hit ic Af tJP r!Alnr nAtd Rif 7 
^#*Di 1 iri DL»UC Dl 1 (OJ* 1 ni9 oil 15 DbWC wUlWi wova Dll / 








^MSB^ for 24-brt TFT color LCDs 








B5 


18*BfT TFT BLUE BIT [4]: This bit is BLUE Color Data Bit 5 










(MSB) tor 18-bit TFT color LCDs. 








B3 


12"Brr TFT BLUE BIT [3}: This bit is BLUE Color Data Bit 3 










(MSB) for 12-bit TFT color LCDs. 








B2 


9-Brr TFT BLUE BIT [2]: This Mt is BLUE Color Data Bit 2 










(MSB) for 9-bit TFT color LCDs. 








SLD3 


16*Brr STN COLOR LOWER BPT [3]: This bit is Lower Data 










Bit 3 for 16-bit dual-scan arxj single-scan STN color LCDs. 








SLD3 


S-BIT STN COLOR LOWER BIT [3]: This bit is Lower Data Bit 










3 (MSB) for 8-bit dual-scan and single-scan STN color LCDs. 








LD3 


LOWER DATA [3]: This bit is Lower Panel Data Bit 3 (MSB) 










for dual-scan STN monochrome LCDs. 


^[8] 


123 


0 


GO 


24-Brr TFT GREEN BIT [0]: This bit is GREEN Color Data Bit 










0 (LSB) for 2A'b\X TFT color LCDs. 




125 


0 


^ G1 


24-Brr TFT GREEN BH [1]: This bit is GREEN Color Data Bit 










1 for 24-bit TFT color LCDs. 


pP[10] 


126 


0 


G2 


24-Brr TFT GREEN BTT [2]: This bit is GREEN Color Data Bit 










2 for 24-bit TFT color LCDs. 








GO 


IS-BFT TFT GREEN Brr [0]: This bit is GREEN Color Data Bit 










0 (LSB) for 18-bit TFT color LCDs. 


ft 






SUD4 


1&-Brr STN Color Upper Bit [4]: This bit is Upper Data Bit 4 










for 16-bit dual-scan and stngle-scan STN color LCDs. 


Infill 


127 


0 


G3 


24-Brr TFT GREEN BfT [3]: This bit is GREEN Color Data Bi\ 










3 for 24*bit TFT color LCDs. 








G1 


18-Brr TFT GREEN BTT [1]: This bit is GREEN Color Data Bit 










1 for 18*b(l TFT color LCDs. 








SUDS 


16-Brr STN Color Upper Bit [5]: This bit is Upper Data Bit 5 










for 16-bit dual-scan and singte-scan STN color LCDs. 
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2.2 Fiat Panel LCD Interface Pins (cont) 

Pin Pin Pin Pin 

Name # Type Function Description 



FP[1 2] 1 28 O G4 24-Brr TFT GREEN BIT [4]: This bit is GREEN Color Data Bit 

4 for 24-bit TFT color LCDs. 
G2 IS-BfT TFT GREEN BIT PJ: This bit is GREEN Coior Data Bit 

2 for l^bit TFT coior LCDs. 
GO 12*BfT TFT GREEN BIT {0}: This bit is GREEN Color Data Bit 
0 (LSB) for 12-bit TFT color LCDs. 
SLD4 16-Brr STN COLOR LOWER BIT [0]: This bit is Lower Data 

Bit 4 for ie-bit dual-scan and single-scan STN color LCDs. 
SUOO S-BIT STN COLOR UPPER BIT [0): This bit is Upper Data Bit 

0 (LSB) for 8-bit dua^scan and single-scan STN coior LCDs. 
UDO UPPER DATA [0]: This bit is Upper Panel Data Bit 0 (LSB) for 

S dual-scan STN monochrofne LCDs. 

ll FP[13] 129 0 G5 24.Brr TFT GREEN BIT [5]: This bit ts GREEN Color Data Bit 

Uj 5 tor 24-bit TFT color LCDs. 

g G3 IS-Brr TFT GREEN BIT [3]: This bit is GREEN Color Data Bit 

M - 3 fori 8-bit TFT color LCDs. 

^t; G1 12-Brr TFT GREEN BIT [1]: This bit Is GREEN Color Data Bit 

rb^ 1 for 12-bit TFT color LCDs. 

0 GO 9-Brr TFT GREEN BIT [OJ: This bit is GREEN Color Data Bit 0 

,1=^ (LSB) for 9-brt TFT coior LCDs. 

m SLD5 Ift-BIT Sru COLOR LOWER BfT f5J: This bit is Lower Data 

IWi Bit 5 tor l6-b(t dual-scan and single*scan STN color LCDs. 

SUD1 S-BFT STN COLOR UPPER BIT [1 J: This bit is Upper Data Bit 

1 tor 8-brt duaJ-scan and single-scan STN color LCDs. 

W UDl UPPER DATA [1J: This bit is Upper Panel Data Bit 1 tor dual- 
ly' scan STN monochrome LCDs 
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2.2 Flat Panel LCD Interface Pins (cont) 
Pin Pin Pin Pin 

Name # Type Function Detcription 

FP(14] 130 0 G6 24-Brr TFT GREEN BIT [6}: This bit Is GREEN Color Data Bit 

6 for 24.bit TFT color LCDs. 
G4 IS-BFT TFT GREEN BIT [4]: This bit Is GREEN Color Data Bit 

4 for ie-bit TFT color LCDs. 
G2 12-BrT TFT GREEN BfT [2]: This bit is GREEN Color Data Brt 

2 for 12-bit TFT color LCDs, 

G 1 9-Brr TFT GREEN BfT [1]: This bit ts GREEN Color Data Bit 1 

for &-bit TFT color LCDs. 
SLD6 16-Brr STN COLOR LOWER BIT [6]: This bit is Lower Data 

Bit 6 for 16-bit dua(-scan and stngle-^can STN color LCDs. 
^ SUDZ 8*Brr STN COLOR UPPER BPT [2}: This bH is Upper Data Bit 
0 2 for 6-bit dual-scan and single-scan STN color LCDs, 
fi UD2 UPPER DATA [2]: This bit is Upper Panel Data Bit 2 for dual- 
ly scan STN monochrome LCDs. 

%P[1 5] 1 31 O G7 24-Brr TFT GREEN BfT (6J: This bit is GREEN Color Data Bit 

f§ 7 (MSB) for 24.bil TFT color LCDs. 

B G5 la-BfT TFT GREEN BIT [4]: This bit is GREEN Color Data Bit 

J 5 (MSB) for 1 6-bit TFT color LCDs. 

G3 12-BrT TFT GREEN BTT [3J: This bit is GREEN Color Data Bit 

3 (MSB) for 12-bit TFT color LCDs. 

G2 S-BfT TFT GREEN BFT [2]: This bit is GREEN Color Data Bit 2 
3 (MSB) for 9-bit TFT color LCDs. 

g SLD7 16-Brr STN COLOR LOWER BfT [7): This bit is Lower Data 

Bit 7 (MSB) tor 16-bit dual-scan and single-scan STN color 

g SUD3 S-BfT STN COLOR UPPEB BFT [3]: This bit is Upper Data Bit 

S 3 (MSB) for 8-bit dual-scan and single-scan STN color LCDs. 

H UD3 UPPER DATA pj; This bit is Upper Panel Data Bit 3 (MSB) for 

dual-scan STN monochrome LCDs. 



FP[161 


133 


0 


RO 


24-BrT TFT RED BIT [OJ: This bit is RED Color Data Bit 0 
(LSB) for 24-bit TFT color LCDs. 


FP[17] 


134 


O 


R1 


24-Brr TFT RED BTT [1]: This bit is RED Color Data Bit 1 for 
24-bit TFT color LCDs. 




135 


0 


R2 
RO 
SUD6 


24-Brr TFT RED BIT [2]: This bit is RED Color Data Bit 2 for 
24-brt TFT color LCDs. 

1&-Brr TFT RED BIT [0]: This bit is RED Color Data Bit 0 
(LSB) for ^B'M TFT color LCDs. 

16-Brr STN COLOR UPPER BfT [6]: This bit is Upper Data Bit 
6 tor 16-bit dual-scan and single-scan STN color LCDs. 
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22 Fiat Panel LCD interface Pins (com) 

Pin Pin Pin Pin 

Name # Type Function Description 



FP[19] 136 0 R3 24.BrT TFT RED BfT P]: This bit is RED Color Data Bit 3 for 

24-bit TFT color LCDs. 
R1 IS-BIT TFT RED BIT [1J: This bit is RED Color Data Bit 1 for 
18-bit TR color LCDs. 
SUD7 iS-BfT STN COLOR UPPER BIT [TJ: This bit Is Upper Data Bit 

7 (MSB) for16-blt duai-scan and single-scan STN color LCDs. 

^PI20] 137 0 R4 24.BrT TFT RED BIT [4]: This bit is RED Color Data Bit 4 for 

24-bit TFT color LCDs. 
R2 18-Brr TFT RED BIT [2]: This bit is RED Color Data Bit 2 for 

1 8-bit TFT color LCDs. 
RO 12-BrT TFT RED BfT [OJ: This bit is RED Color Data Bit 0 
(LSB) for 12-bit TFT color LCDs. 
SUDO IS-BIT STN COLOR UPPER BIT [OJ: This bit is Upper Data Bit 

0 (LSB) for 16-bit dual-scan and singte-scan STN color LCDs. - 

FP[21] 138 0 R5 24-Brr TFT RED BIT [5]: This bit Is RED Color Data Bit 5 for 

24-bit TFT color LCE>s. 
R3 18-Brr TFT RED BIT [3]: This bit is RED Color Data Bit 3 for 

IS-bit TFT color LCDs. 
R1 12-Brr TFT RED BIT [1]: This bit is RED Color Data Bit 1 tor 

12-bit TFT color LCDs. 
RO ' ^-BIT TFT RED BIT [OJ: This bit is RED Color Data Bit 0 (LSB) 
for 9-bit TFT color LCDs. 
SUDi le-BIT STN COLOR UPPER BIT [1]: This bit is Upper Data Bit 

, 1 for l&-bit dual-scan and sin gle-scan STN color LCDs. 

FP[22] 139 0 ■RS 



24.BrT TFT RED BfT [6]: This bit is RED Color Data Bit 6 for 
24-brt TFT color LCDs. 
R4 18-BIT TFT RED BIT [4]: This bit Is RED Color Data Bit 4 for 

18-brt TFT color LCDs. 
R2 12-Brr TFT RED BIT [2]: This bit is RED Color Data Bit 2 for 

12-brt TFT color LCDs. 
Rl 9-Brr TFT RED Brr [1]: This bit is RED Color Data Bit 1 for 9- 
bit TFT color LCDs. 
SUD2 16-BIT STN COLOR UPPER Bit [2]: This bit is Upper Data Bit 
2 tc^ 16-bit duat-scan and single-scan STN color LCDs. 
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ZJ2 Rat Panel LCD Interface Pins (oont) 

Pin Pin Pin Pin 

Name i Type Function Description 



I FP{23] 140 

i 



"Jill 



m 



^ pi 



R7 24-817 TFT RED BIT [6]: This bit is RED Color Data Bit 7 

(MSB) for 24-bit TFT color LCDs. 
R5 18-Brr TFT RED BIT [4]: This bit is RED Color Data Bit 5 

(MSB) for 18-bit TFT color LCDs. 
R3 12-BIT TFT RED BIT [SJ: This bit is RED Color Data Bit 3 

(MSB) for 12-bit TFT color LCDs. 
R2 9-Brr TFT RED BIT [2J: This bit is RED Color Data Bit 2 (MSB) 
for 9.blt TFT color LCDs. 
SUD3 1S-BIT STN COLOR UPPER Bit [2]: This brt is Upper Data Bit 
3 (for 16-brt dual-scan and singie-scan STN oolor LCDs. 



FPDE 


108 


0 


FLAT PANEL DISPLAY ENABLE: For those LCDs that 
require an external display enable, this pin is used to provide a 
data enable. For the CL-GD7542, It is the second Shift Clock 
output for single-scan dual-dock STN color LCDs. 


FPVDCLK 113 


0 


FLAT PANEL VIDEO CLOCK: This signal is used to dnve the 
LCD shift clock which is designated as CP2 by some LCD 
manufacturers. 


LPS 


110 


0 


LCD FRAME START: This output provides a pulse to start a 
new frame on LCDs. 


LLCLK 


112 


0 


LCD UNE CLOCK: This output (s used to dnve the LCD line 
clock. This signal is also designated as LP or CP1 by some 
LCD manufacturers. 


MOD 


117 


0 


MODULATION: This output provides AC inversion. It should 
be connected to the MOD, FR. or DF inputs of the LCD, as 
appropnate. Some LCD manufacturers provide this function in 
the LCD circuitry, in which case this pin does not need to be 
connected. 
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2.3 CRT Interface Pins 



Pin Name 



Pin No. Type 



Description 

BLUE VIDEO: This analog output supplies current that corre- 
spends to the blue value of the pixel being displayed. Each of 
the three DACs consists of 255 summed current sources. For 
each pixel, the 6-bit value from the Lookup Table is applied to 
each DAC input to determine the number of current sources to 
be summed. Full-scaJe cun^nt on the RED. GREEN, and 
BLUE outputs is related to the IREF signal as follows: 
Ifiai^ (63/30) xIREF 

To maintain IBM VGA compatibility, each DAC output is typi* 
cally terminated to monitor ground with a 150-ohm 2% resistor. 
Thjs resistor, in parallel with the 75-ohm resistor in the monitor, 
will yield a 50-ohm tmpedanoe to ground. For a full-scale volt- 
age of 700 mV. the fult-scaie current output should be 14 mA. 



BLUE 



96 



GREEN 



97 



GREEN VIDEO: This analog output supplies current corre- 
sponding to the green value of the pixel being displayed. 

To terminate this pin, refer to information under BLUE VIDEO, 



HSYNC 91 3-S HORIZONTAL SYNC: This output supplies the honzontal syn. 

chronization pulse to the monitor. The polarity of this output is 
programmable. 

This pin may be connected directly to the corresponding pin on 
the monitor conneaor 



IREF 



99 



DAC CURRENT REFERENCE: The current drawn from 
AVDD2/AVDD3 through this pin determines the full-scale out- 
put of each DAC. 

This ptn should be connected to a constant-cun-ent source. For 
information on how to calculate the IREF constant current, 
refer to the IREF application note in the 7542 Applications 
Book 



Eiample 
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2.3 CRT Interface Pins (conl) 
Pin Name Pin No. Type 



Description 



RED 



98 



RED VIDEO: Thts analog output supplies cun-ent oon-espond- 
ing to the red value of tf)e pixel being displayed. 

To teminate this pin, refer to information under BLUE VIDEO. 



VSYNC 



93 3-S VERTICAL SYNC: This output supplies the vertical synchroni- 
zation pulse to the monitor. The potarfty of this output is pro- 
grammable. 

This pin may be connected directly to the corresponding pin on 
the monitor connector 
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2.4 NTSC and PAL Interface Pins 

Because flat panel LCD control pins are used with NTTSC and PAL interfaces, while the NTSC and PAL 
interface pins are used, flat panels should be isolated. External AND gates should be used to force flat 
panel control signals to the proper levels. (For design details, refer to the Application Note on NTSC.) 



Name 



Pin No. 



Type 



Description 



BLUE 



96 



BLUE VIDEO: This analog output supplies cun-ent con-espond- 
ing to the blue value of the pixel being displayed. Each of the 
three DACs consists of 255 summed current sources. For each 
pixel, the 6-bit value from the Lookup Table is applied to each 
DAC Input to determine the number of cun'ent sources to be 
summed. Full-scale cun-ent on the RED, GREEN, and BLUE 
outputs is related to IREF as follows: 1^^^(63/30) xIREF 

When an NTSC/PAL Encoder is used at the same time as the 
CRT there must be a 1.4k-ohm series tennination resistor 
between the CL-GD7542 and the R. G. and B inputs of the 
encoder. There is also a 0.7k ohm resistor connected to ground 
from each R. G. and B input, to provide the correct input-volt- 
age level for the encoder. To maintain a full-scale voltage of 
700 mV across the CRT inputs, the full-scale cun-ent output 
should be 14 mA. 



For temiinatjon details, refer to Section 2.3. 



CSYNC 


95 


0 


COMPOSrTE SYNC: This output provides the Composite 
SYNC for the analog NTTSC/PAL Encoder For NTSC/PAL inter- 
faces, connect CSYNC to the Erwoder SYNC input. 


GREEN 


97 


0 


GREEN VIDEO: This analog output supplies current corre- 
sponding to the green value of the pixel being displayed. 

To terminate this pin, refer to information under BLUE VIDEO, 


NTSC/'PAL 


94 


0 


NTSC/PAL ENCODING SELECTION: This output is used by 
the CL-GD7542 to select the desired NTSC or PAL encoding 
format. Register bits CR30[3:2] control the level on this pin. 


RED 


98 


0 


RED VIDEO: This analog output supplies current correspond- 
ing to the red value of the pixel t>e[ng displayed. 

To terminate this pin, refer to information under BLUE VIDEO. 


TVON 
XRDACCS 


146 


0 


TVON: When SR25[6] = 0. this output controls the power tc tne 
NTSC/PAL Encoder. When this output is high, the encoder is 
powered on. When this output is low. the encoder is turned off. 
EXTERNAL RAMDAC CHIP SELECT: When SR25I6] = 1. a 
htgn on this output is used to enable an external RAMDAC. 
This function is not supponed for PCI bus applications. 
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2.5 Dual-Frequency Synthesizer Interface Pins 
Pin Name Pin No. Type Description 



CLK32k 89 


1 


32*kHz CLOCK: This input may be connected to an externally 
supplied clock signal to be used for memory refresh 
dunng Suspend Mode. 

If this pin is not used, rt should be tied to ground. 


MCUCOCMCLK 197 


I/O 


MCLKOCMCLK: When SR23[31 » 0. the internal MCLK Is avail* 
able on this pin. When SR23[3] s 1, this pin is used as an input 
from an external XMCLK source. These configurations are 
intended for testing only. 



MFILTER 



200 



MEMORY CLOCK RLTER: This pin must be connected to a 
Pi RC filter which is returned to MAVSS. The filter components, 
especially the input capacitor and the resistor must be placed 
as dose as possible to the MPiLTER pin. 



1 



330 



7sn 



-lUVDO 



T 



l.OuF 



r 

L 



1 MAVSS 



Figure 2^1. Typical Memory Clock RIter 



65 



OSCILLATOR INPUT: This TTL input pin supplies the refer- 
ence frequency for the Dual-frequency Synthesizer. It requires 
an input frequency of 14.31816 M)-iz % 0.01% with a duty cycle 
of 50% ± 10%. This input can be supplied from tfie appropriate 
pin on the PCI Bus, or from ar) oscillator 
XVCLK INPUT: Exierrial video dock source input - intended 
for testing only. 



VFiLTER 



83 



VIDEO CLOCK FILTER: This pin must be connected to a Pi 
RC fitter which is returned to VAVSS. The filter components, 
especially the input capacitor and the resistor, must be placed 
as dose as possible to the VFiLTER pin. 



T 



12^ 



' VAVDD 
-VRLTCT 
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2.6 Display Memory interface Pins 




UmjS LOGIC 



Pin Name 



Pin No. Type Description 



CAS# 



181 



COLUMN ADDRESS STROBEt: This active-low output is 
used to latch the column address from MA[9:0] into the 
DRAMS. When register SBFJO] = 0 (dual-WE# DRAMs), this 
pin is defined as CAS#, and must be connected to the CAS# 
inputs of the DRAMs. 

WRITE ENABLEt: When register SRFfO] = 1 (dual-CAS# 
DRAMs), this pin is defined as WE#. and must be connected to 
the WE» inputs of the DRAMs, 



CAS[3:0]# 



WE[3:0]# 



169:170 



169:170, 
195:194 



COLUMN ADDRESS STROBEt: These active-low outputs are 
used to control the CAS# (or WE#) inputs to the DRAMs. When 
register BRFJO] s 1 (dual-CAS# DRAMs), these active-iow out- 
puts must be connected to the CASt inputs of the DRAMs. 
WRFTE ENABLEf [3:0]: When register SRFIO] = 0 (duai.WE# 
DRAMs), these active-low outputs must be connected to the 
WE# inputs of the DRAMs. 



MAf9.0] 



171:180 



MEMORY ADDRESS [9:0]: These outputs dnve the address 
inputs of the DRAMs. 



MDf31 :0j 



151:161, 
163:167, 186:191. 
193.196,202:204, 
206:208.1:2 
182 



i/0 



MEMORY DATA [31:0]: These 32 bidirectional pins are used 
to transfer data between the CL-GD7542 and display memory. 

These pins must be connected to the data pins of the DRAMS. 



0£# 



OUTPUT ENABLE#: This active-low output t$ used to control 
the Output Enables of the DRAMs. 

For 256K x 16 DRAMs with Dual-Write Enables, this pin must 
be connected to the OE# pins of all the DRAMs in the display 
memory array. 



RAS#[1:0] 



184:183 



ROW ADDRESS STROBE#: These active-low outputs are 
used to latch the row address from MA[9:0] into the DRAMs. 
Each RAS pin is used for one bank of memory, for a total of two 
banks. 



These pins must be connected to the RAS# pins of all the 
DRAMs rn the display memory array 
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2 J Configuration Input Pins 

During the rising edge of Resett. the levels on these configuration input ptns are read and stored m reg- 
ister SR22 and SR24[7]. 



Pin Name 



Pin No. Type Description 



FC 



157 



FEATURE CONNECTOR: When an external pull-up resistor 
(<60k ohms) is attached to this pin, a logic high is read and 
stored tn 5R24[7] during the rising edge of the Reset# pulse. 
This high level configures the CL-GD7542 to supply all the 
Feature Connector signals. (Refer to section 2.10.) When no 
pull-up. this pin is configured for other operations. 



FVL 



165 



FAST VESA Local BUS: When an external pull-up resistor 
(<60k ohms) is attached to this pin* a logic high is read and 
stored m SR22[2] during the rising edge of the Reset# pulse. 
This high level configures the CL-QD7S42 for a SO-MHz bus 
dock input (Refer to Note a.) 



PCI 



167 



PCX BUS SELECT: When an eyxemaH pull-up resistor (<60k 
ohms) is attached to this pin, a logic high is read and stored in 
SR22[0] dunng the nsing edge of the Reset# pulse. This high 
level configures the CL-GD7542 for PCI bus operation, and a 
minimum-grant value of 250 ns. PCI Burst Mode is selected 
when this pin is high and GRE[4] = 1 . (Refer to Note a.) 



PCl-WGE 



159 



PCi BUS with MEMORY-GRANT EXTEND: When an exter- 
nal pull-up reststor (<60k ohms) is attached to this pin» a logic 
high IS read and stored in SR22[7] duhng the rising edge of the 
Reset# pulse. This high level configures the CL-GD7542 to 
support the PCI bus, and to extend the minimum-grant value 
from 250 ns to 500 ns, PCI Burst Mode is selected when thrs 
pin IS high and register GRE[4] = 1 . (Refer to Note a.) 



S46 



161 



SLEEP ADDRESS SELECT: When an external pull-up resistor 
(<60k ohms) is attached to this pin. a logic high is read and 
stored in SR22[5] during the nsing edge of the Reset# pulse. 
This high level seleas the sleep address at 46E8[3], which is 
used when the CL-GD7542 is used as an adapter. When no 
pull-up resistor is supplied, the CL-GD7542 selects a steep 
address at 3C3[0). which is the normal mother-board configu- 
ration. 



X3LK 



16^ 



EXTERNAL CLOCK SELECT: An external pull-up resistor 
configures the CL-GD7S42 tor external clock inputs on the 
SWO / MCLK / XMCLK and OSC / XVCLK pins. This configura- 
tion IS used tor testing only, and no pull-up resistor should be 
anached during normal operation. When no resistor is sup- 
plied, the CL*GD7542 uses its internal clock sources. 



Note a 



To Choose the system ous. only one pull-up resistor may t>e supplied on PCI-MGE (pin 159). 
FVL (pin 165). or PCl (pin 167). When no pull-up resistor is supplied, the CL-GD7542 is config- 
ured tor a VESA Local bus operation o? 33 MHz or less 

CL 28468 



Cirrus Confidcniial 
Bu«ine^« InformuDon 



Prebminan Dau Book 



August 26, 2994 
Rev ] 1 



CL-GD7542 (Nordic) 

GUIX SVGA LCD Controller with MVA™ • - - - 




2.8 Switch and Miscellaneous Configuration Input Pins 
Pin Name Pin No. Type Description 



m 



5^ 



■m 



swo 


197 


t SWITCH 0: Thjs ptn is configured as a hardware input that can 
be read under register control. The level on this pin is stored in 
register SR24fO). 


SW1 


149 


i SWITCH 1 : This pin is configured as a hardware input that can 
be read under register control. The level on this pin is stored in 
register SR24(1). 


SW2 


150 


1 SWITCH 2: This ptn is configured as a hardware input that can 
be read under register control. The level on this pin is stored m 
register SR24f2]. 


TWR# 


100 


1 TEST WRrTE#: This active-low input is tor factory testing and 
must not be connected to the svstem for normal ooeration. It 
has an internal pufl-up resistor. 
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2.9 Power Management Pins 



Pin Name Pin No. Type Description 



ACTI 


86 


1 


ACTIVITY: When SR23[6] = 1, this pin is an optional activity- 
sense input. With register masking, any loM^to*htgh transition 
on this input may be used to reset the internal power-down tim- 
ers. 


SBYI 

M 






When SR23[6] = 1 and CR2DI6] s i, the ACTI input when high 
can reset the StandPy timer. 

When SR23[6] = 1 and CR2D[3] « 1, the ACTI input when 
high, resets the Backlight timer. 

STANDBY INPUT: When SR23[6] « 0. this input is the hard* 
ware control for the Standby Mode. When SBYI goes high, rt 
iniuates tne power*aown sequence mat siarts ine oianaoy 
Mode. 

When not used this inout should be connected to around 


to 


87 


1 


BACKUGHT INPUT: When SR23[5) = 1. a high on this input 
turns off the bacWioht of the LCD disotav 
SUSPEND INPUT: When SR23[5] s 0. a high on this internally 
de-bounoed input initiates hardware-controlted Suspend Mode. 
The hardware<ontrolled Suspend Mode is the most efficient 
power-saving mode tor the system. 


ptiK32k 


69 


t 


32*kHz Clock: This input may be connected to an externally 
supplied 32* kHz clock signal to be used for memory rBfrssh 
dunng Suspend Mode, 
tf not used, thts pin should be tied to ground. 




105 


0 


FLAT PANEL BACKUGHT: This output ts part of the LCD 
power sequencing. It should be connected to the LCD back- 
light enable. 




106 


0 


FLAT PANEL VCC: This output is part of the LCD power 
sequencing, ii snouiQ oe oonnecteo to tne LCu logic-power 
enable. 


rPVE£ 


102 


0 


FLAT PANEL VEE: This output is part of the LCD power 
sequencing. It should be connected to the LCD power enable. 




148 


0 


PROGRAMMABLE OUTPUT: This output pin is forced high or 
low under the control of register CR30f7]- It is used by the 
BIOS to select 3.3V or 5.0V power supplies to support the 
operating freouencies selected. 


S3YSTS 


123 


0 


STANDBY STATUS#: Th(s output, when low. indicates that the 
CL-GD7542 15 in Standby mode. 




81 


1 


SLEEPt: This active-low input is used by the external hard- 
ware to put the CL-GD7542 into bus Sleep mode. 




125 


0 


SUSPEND STATUSt: This output, when tow. indicates that 
the CL-GD7542 ts in Suspend mode. 
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i-yj 



; satis: 

113 



2.10 Feature Connector Pins 

When an external p\i\\'\xp resistor (<60k ohms) is attached to the FC / MD[25] pin. a logic high is read and 
stored in SR24P] during the rising edge of the Reset# pulse. This high ievel configures the CL-GD7542 
to SLtpp^ ail the following Feature Connector signals. When no pulkup resistor is supplied, these ptns are 
configured for other operations. 



Pin Name 


Din Mm 

fin NO. 


Type 


uescnpiion 


FCBLANK# 


101 


lorO 


FEATURE-CONNECTOR BLANK*: When FCESYNC# rs 
high. FCBLANK* is an output which supplies a blanking signal 
to the feature connector. When FCESYNC# is low, FCBLANK# 
is an input which can force RGB outputs to zero current. 


FCDCLK 
VCLK 


103 


0 


FEATURE-CONNECTOR DOT CLOCK: When the Feature 
Connector configuration is active, this pin provides the dot 
dock output to the subsystem that is driven by the Feature 
Connector, 

VCLK: Video dock output This pin is intended to be used for 
testing only 


FCESYNC# 


147 


1 


FEATURE-CONNECTOR ESYNC#: When this input is high, 
the HSYNC, VSYNC. and FCBLANK# outDUts are enabled 
When this input is low. the HSYNC and VSYNC outputs are 
forced to high-impedance (off), and FCBLANK# is configured 
as an input. 


FC£VIDEO# 


66 


1 


FEATURE-CONNECTOfl ENABLE VIDEOt: This input con- 
trois the buffers on FCPp:0). When FCEVJDEO# is high, the 
FCP[7:0J pms are pixel data outputs. When FCEVIDEO# is low. 
the FCP[7:0] pins are inputs, and the contents of display mem- 
ory are ignored. 


FCPf7.0] 


144:141. 
134,133. 
125. 123 


lorO 


FEATURE-CONNECTOR PIXEL DATA: When FCEVIDEOt is 
high, these pins are pixel data outputs that copy the pixel ad- 
dress to the palene RAM. When FCEVIDEO# is low. these pins 
are inputs that can be used to drive pixel data into the palette 
DAC. 


FCVCLK 


114 


1 


FEATURE-CONNECTOR VIDEO CLOCK: This prn should be 
connected to the pixel clock from the Feature Connector. (For 
more information, refer to SR23P).) 




115 


0 


OVERLAY WINDOW: This active-low output is asserted dunng 
tne active portion of the video overlay window. !t is intended to 
be used tn applications involving video overlays. For additional 
connectivir/ information, see Appendix A8, 
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2M Ground Pins 
Pin Name Wn No- 



Description 



DACVSS[1:2] 88. 111 



DIGiTAL-TO-ANALOG CONVERTER VSS GROUND: These 
two pins are used to supply ground reference to the Palette 
DAC of the CL-GD7542. 



Each pin mus! t>s connected to the Analog ground rail, which 
should be isolated from VSS (digital) ground. 



MAVSS 



201 



MCLK ANALOG VSS GROUND: This pin is used to supply 
ground reference to the memory dock syntfiesizer of the CL- 
GD7542. 

This pin must be connected to tt)e Analog ground rait, which 
should be isolated from VSS (digital) ground. 



82 



VCLK ANALOG VSS GROUND: This pin is used to supply 
ground reference to the video dock synthesizer of the CL- 
GD7542. 

This pin must be connected to the Analog ground raii. which 
should be isolated from VSS (digital) ground. 



'fi=^S[1:l1] 



6,42.52.67 
80,104.124 
145.168,185 
198 



VSS (Digital) GROUND: These 11 pins are used to suqpiy 
ground reference for the core logic and pin groups of the 
CL-GD7542. 

Each ptn must be connected directly to the ground rail. When 
a multi-layer board is used, each VSS pin must be connected 
to the ground plane. 
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2.12 Power Pins 
Pin Name Pin No. 



BVDD[1:2] 



47,73 



CRTVDD 



92 



CVDD[1:4] 



36,62. 
121,192 



iS 
m 



DACVD0!1:2] 90. 109 



Description 



BUS VOD: These two pins are used to supply either -fS.SV or 
*f S.OV to the bus interface pin group ot the CL«G07542. 

1 . Each pin must t>e connected directly to the VDD rait. 

2. Each pin must be bypassed with a 0.1 •pF capacitor that has 
the proper high-frequency characteristics and is as dose to 
each pin as possible. 

3. When a multi-layer board is used, connect each BVDD pin to 
the power plane. 



CRT VDD: This pin is used to supply -fS.SV or +5,0V to the 
CRT interface pin group of the CL-GD7542. 

1 . This pin must be connected directly to the VDD rail. 

2. This pin must be bypassed with a 0.1 -pF capacKor that has 
the proper high-frequency characteristics and is as dose to 
tr>e pin as possible. 

3. When a multi-layer board is used, connect this CRTVDD pin 
to the power plane* 



CORE VDD: These four pins are used to supply *»-3.3V or 
+5.GV to the internal core logic of the CL-GD7542. 

1 . Each pin must be connected directly to the VDD rail. 

2. Each pin must be bypassed with a 0. l-pF capacitor that has 
the proper high-frequency charactenstics and is as dose to 
each pin as possible. 

3. When a multi-layer board ts used, connect each CVDD pin to 
tr)e power plane. 



DIGITAL-TO-ANALOG CONVERTER VDD: These two pins 
are used to supply -»-3.3V or +5.0V to the Palene DAC of the 
CL-GD7542, 



1 . Each ptn must be connected directly to the VDD rail. 

2. Each pin must be bypassed with 0.1 -pF and 10 yF 
capacitors that have the proper high-frequency charactens- 
tics and are as close to each pin as possible. 

3. When a multf-iayer board ts used, connect each DACVDD 
pin to the power plane. 
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2.12 Power Pins (cont) 
Name Pin No. 



Description 



FPVDD[1:2] 132,107 



FLAT PANEL VDD: This pin is used to supply *3.3V or *5V to 
the fiat panel Interface pin group of the CL-GD7542'. 

1 . Each pin must be connected dtrectty to the VDD raii. 

2. Each pin ^ust be bypassed with a 0.1 -pP capacitor that has 
the proper high-frequency characteristics and ts as dose to 
the pin as possible. 

3. When a multi-layer board is used, connect these FPVDD 
pins to the power plane. 



MCLK ANALOG VDD: This pm is used to supply +3.3V or 
+5.0V to the Memory Clock Synthesizer of the CL-GD7542. 

This pin must be connected to the VDD rail via a 33K)hm resis- 
tor and bypassed to MAVSS with 0.1 pF and 10 mP capacitors. 



MAVDD 



199 



1:2] 



205,162 



MEMORY VDD: These two pins are used to supply +3.3V or 
+5.0V to the internal memory (DRAM) interface pin group of 
the CL-GD7542, 

1. Each pin must be connected directly to the VDD rail. 

2. Each pin must be bypassed with a 0.1 -pF capacitor that has 
the proper high-frequency characteristics and is as close to 
each pin as possible. 

3. When a multi-layer board is used, connect each MVDD pin 
to the power plane. 



=%AVDD 



84 



VCLK ANALOG VDD: This pin is used to supply +3.3V or 
-►5.0V to the Video Clock Synthesizer of the CL-GD7542. 

This pin must be connected to the VDD rail via a 33-ohm resis- 
tor and bypassed to VAVSS with 0.1 pF and 10 pF capacitors. 
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3. Functional Description 

This section provides functional information and 
design gutdeiir»es for the CL-GD7S42 Graphics 
User Interface Accelerator (GUIX) SVGA LCD 
Controller with MVA~. 

3.1 General 

The CL-GD7542 offers a tightly integrated, high- 
performance mothertxDard solution. Multiple de- 
signs can t)e developed, ranging from a relatively 
simple GUIX solution to a portat)le multimedia so- 
lution capable of displaying accelerated video 
playback windows with graphics or an overlaid Irve 
video window with graphics. Ail hardware neces- 
sary for CPU updates to memory, display refresh, 
and DRAM refresh is included in the CL-GD7542. 
A complete SVGA-compatible mothert>oard solu- 
tion can be implemented with the CL-GD7542 plus 
two256Kx 16 DRAMs. 




==^ amjs LOGIC 

also supports memory burst cycles. PCI band- 
width is at least 50% better utilized with burst cy- 
cles. 

Linear Memory Addressing 

The CL*GD7542 supports linear memory address- 
ing, as an alternative to the standard VGA method 
of accessing display memory with 64.Kbyte seg- 
ments. With linear memory addressing, the CL- 
GD7542 is configured so that it accesses display 
rDemory as a one- or two-MByte linearly ad- 
dressed stnng of bytes. 

For applications or drivers that support this meth- 
od, Linear Memory Addressing improves graphics 
performance by simplifying access to display 
memory, since It is not necessary to calculate off- 
sets into a relatively small window, nor is it neces- 
sary to test for a crossing of the window boundary. 



3.2 Functional Blocks 

Figure 3-1 shows a block diagram of the CL- 
GD7542 GUIX SVGA LCD Controller with MVA. 
The functional blocks integrated in the CL- 
GD7S42 are descnbed in the following sections. 

3.2.1 CPU Bus Interface 

The CL-GD7542 connects directly to a '486/ VESA 
VL-Bus or a PCI bus. No additional logic arcuitry 
IS required to implement these bus interlaces 

48$ArL'Bus 

The CL-GD7542 interfaces directly to '486DX mi- 
croprocessors and the VESA VL-Bus. at speeds 
uD to 50 MH2 wrtn the core VDD at 5V. The CL- 
GD7S42 sjpoons both IX and 2X bus clocks, but 
Will require external arcuitry to support the 2X 

CIOCKS 

PCI Bus 

The CL-GD7542 interlaces directly to the PCl bus 
No aaaitionat logic is requireo to suppon the CL- 
GD7542 multiplexed adcress and data pms The 
CL-GD7S42 executes 32-bit I/O and memory ac- 
cesses at speeos up to 33 MHz The CL-GD7542 



The CL-GD7542 supports Linear Memory Ad- 
dressing of the VGA address space, which may 
reside within any 1 -Mbyte segment above the first 
16 MBytes in a 4-GByte address space. For "486 
local bus interfaces that use a 32-bit address, to 
select the desired 16-Mbyte partition with the 
A[31 ;24] address line, an eacten^l decoder may be 
needed. However, in general, there is no need for 
an external decode of the CPU addresses. Any 
one of the A[31] to A(24] lines can be directly con- 
nected to HIMEMO or HIMEM1. For instance, if 
HIMEMI IS connected to AfSIJ. then CL-GD7542 
IS mapped into the upper 2 GBytes of the CPU ad- 
dress space. 

The register bits SR2D[7:6] extend the address 
space to 64 MBytes by re-mapping HIMEMO and 
HIMEMI within this address space. An external 
oecoder may be needed only if a fully decoded 
16M-byte partition within the 4 GByte address 
space IS desired. The output from this address-line 
oecoder dnves the HIMEMO and HIMEMI inputs. 
The SR7r7:4] register is used to select the 1M- 
byte through l6M-byte range in any 16M.byte 
space allowed by the microprocessor. (Note 
HIMEMO and HIMEM1 are used only with VL-bus 
and 32-bit local buses). 
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3,2.2 CPU Write Buffer 

Tt\e CPU Write Buffer contains a queue of CPU 
write accesses to display memory that have not 
been executed due to memory artitration. Main- 
taining this queue of wnte accesses allows the OL- 
G07542 to release the CPU bus as soon as it has 
recorded the address and data. The CL-GD7542 
therefore executes the operation when display 
memory is available, increasing CPU perfor- 
mance. For all text and graphics modes, the CL- 
GD7542's Write Buffer depth is two 32-bit or four 
IS-bit levels. The CL-GD7542 has the capability to 
page CPU cycles if they are accumulated in the 
wnte buffer, 

3.2.3 Graphics Controller 

The Graphics Controller operates in either text or 
graphics modes and performs the following major 

functions- 

• Provides the host CPU a read/wrrte access path 
to display memory 

• Controls ail four memory planes in planar 
modes 

• Allows data to be manipulated pnor to being 
wnnen to display memory 

• Formats data for use in vanous backward com- 
patibility modes 

• Provides color read comparators for use in col- 
or painting modes 

• ReadsNvmes 32-brt words through the 32-bit 
display memory interface 

The Graphics Controller directs data from the dis- 
play memory to the CPU. Figure 3-2 and 
Figure 3-3 illustrate typical wme and read opera- 
tions resoectiveiy 

For a wnte operation, the data from the CPU bus 
are comotned wrrn tne data from the Set/Reset 
log.c m the CPU. depending on the Wnte mode. In 
aodioon. ine data may be combined with the con- 
tents o< the read tatcnes. and some bits or planes 
may t>e masked (prevented from being changed) 
Oy using the Bit Mask Register For more informa- 
!ion fe\er to tne Graphics Controller registers in 
Seciiori 6 5 



3.2.4 Color Expansion 

Color expansion is the automatic conversion of a 
monochrome brt map (which typically defines a 
character icon, or pattem) into foreground and 
background color values. These values are then 
written into display memory and held in a CL- 
GD7542 register. 

Color Expansion improves CPU write periormance 
by optimizing use of the available host bandwidth 
via expanding single brts across the bus into com- 
plete 8- or 16-Mt pbcels. 

When color expansion is used. only, monochrome 
bit maps must be transmitted across the bus. Each 
bit of the monochrome map is converted into &*btt 
or 16-bit pixel modes. The bus traffic is reduced by 
a factor of 8 to 16, making it possible to use neariy 
all of the available display mennory bandwidth. 

3.2.5 Bit Block Transfer (BItBLT) Engine 

The BitBLT (Bit Boundary Block Transfer) engine 
moves a rectangle of data either within display 
memory, or between system memory arvd display 
memory, with minimal CPU intervention. The Bit- 
BLT engine can also perform pattem fills (filling an 
area with a repeating pattem). raster operatons 
(combining the source bytes with the destination 
bytes using vanous logic operations), and color ex- 
pansion/ transparency. 

The CL-GD7542's BilBLT engine provides 16 two- 
operand ROPs (Raster Operations) to move data 
in packed-pixel modes from the source area to the 
destination area. This operation occurs in cacked- 
pixel modes with 6-brt or 16-bit pixel transfers. The 
transfers from CPU are always taken in four-byte 
increments. For screen-system transfers, the Bit- 
BLT operation acts as a read cache. The BitBLT 
accelerates Graphics User Interfaces (GUIs), such 
as Microsoft V^indows 3.V Windows f^, and OS/2 
2.1. Refer to Appendix A1 "BitBLT Engine" tor 
more information. 
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Figure 3-2. Graphics Controller Write Operation 
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3.2.6 Memory Arbitrator 

The Memory Arbrtrator allocates bandwictth to the 
following functions, which compete for the limited 
bandwidth of display memory: 

• CPU access 

• Display refresh 

• DRAM refresh 

• BilBLT 

• Half-Frame Accelerator (for dual-scan STN 
LCDs) 

• Har^^TB Cursor 

• Hardware Icons 

DRAM refresh is handled invisibly by aitocating a 
selectable number of CAS*-before-RAS* refresh 
cydes at the begrnning of each scanlioe. 0/c\e% 
are allocated to display refresh and CPU/BitBLT 
according to tne FIFO-control parameters, with prt- 
orrry given to dispiay refresh. 

3,2.7 Memory Sequencer 

The Memory Sequencer generates all r>ecessary 
timing and control signals for display memory. This 
includes RAS\ CAS*. and muftiplexed-address 
timing, as well as WE' and OE' timing. The, Se- 
quencer generates CAS'-before-RAS' refresh, 
ranoom-read. random-early-wnte. fast-page-mode 
reaa. and earty-wnrte cycles. The Memory Se- 
quencer generates multiple-CAS* or multiple-WE* 
signals, depending on the memory type being 
used The CL-GD7&42 supports the following 
memory configuraDons, which have a 32-bft-wide 
memory interface. 

• Two 255K X 16 DRAMs for 1-MByte display 
memopv' 

• Four 256K x 16 DRAMs for a 2'MByte display 
memory 

• Fou' 512K X 6 DRAMs (symmetnc only) for a 2- 
MByte display memory 

Tne CL-GD7S42 suppons both dual-CAS* and 
cual.WE« 256K X 16 DRAMs 

Reler to Appendix A6 •Memory Configurations" for 
more information 



The Memory Sequencer ensures that the neces- 
sary display refresh transfer cydes and dynamic 
memory refresh cycles are executed and that the 
remaining memory cycles are made available for 
CPU read/write operations. 

The CL-GD7542 fully supports all the standard 
IBM VGA memory organizations, along with the 
following extended video memory modes: 

• 2-color packed-pixel modes (1 -bit/pixel) in lin- 
ear 32-b(t words or VGA-style 8-bit words 

• 1 6-color planar mode (4 brts/pixel) 

• l&-coior packed-pixel modes (4 bits/pixel), 
which is useful for PowerPC applications 

• 256-color packed-ptxel modes (8 Oits/pixel) 

• Direct-Color (32K or 64K colors) packed-pixel 
modes (16 bits^pixel). 

• Mixed 32K- and 256-color packed-pixel modes 
(15 bits/pixel) 

• Toje-Color 16.8M-coior packed-pixel modes 
(24 brts/pixel) 

In true packed-pixel addressing, consecutive pix- 
els are stored at consecutive addresses. This is in 
contrast with VGA chain*4 addressing, a type of 
addressing that stores consecutrve pixels at every 
fourth byte address in display memory. For more 
information, refer to Appendix A13 "Extended Vid- 
eo Modes Programming" and Appendix A5 Tnje 
Color Modes*. 

3.2.8 CRT FIFO Register 

The CRT FIFO (First-in, First-Out) Register allows 
the Memory Sequencer to execute display memo- 
ry accesses needed for display refresh at maxi- 
mum memory speed, rather than at the display re- 
fresh rate. This register makes it possible to take 
advantage of ORAM'S fast-page mode operation. 
The CRT FIFO Register is 16 words deep and 32 
bits wide, 
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Attribute Controller Registers 

The Attribute Controller Registers format the dis- 
play for the screen. They perform the following: 

• sehaiization of memory data 

• display color selection 

• text blinking 

• underlining in both text and graphics modes 



The Attribute Controller Registers are described in 
Section 6.6. 

Figure 3^ is a functional block diagram of the At- 
tribute Controller. 
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3.2.10 CRT Controller Registers 

The CRT Controller (CRTC) Registers generate 
honzontal and vertical synchronization signals 
(HSYNC and VSYNC) tor the CRT display. The 
CRTC Registers also generate the BLANK# sig- 
nals required Oy the Palette OAC. In addition, they 
support both standard VGA-compatible modes 
and extended modes and provide for the following: 



• configuration options, including user<onfig- 
urabte horizontal/vertical timing and potanty) 

• cursor positioning 

• horizontal scanlines 

• pixel and byte panning 

« split-screen capability and smooth scrolling 
Figure 3^ is a functional block diagram of the 
CRT controller. 
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Figure 3-5. CRT Controller Functional Block Diagram 
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tn addrtion to supporting standard VGA text 
modes, the CL-GD7542 supports the foltowtng text 
modes: 132 x 25. 132 x 43, and 132 x 50. 

tn addition to supporting standard graphics modes, 
the CL-QD7542 supports the following graphics 
modes: 

• For CRTs: 

- 1280 X 1024 interlaced, up to 16 colors 

- 1024 X 768 noninterlaced, up to 256*colors 

• For CRTs and LCDs (non-interlaced) 

- 800 X 600, up to 64K colors 

- 640 X 480, up to 16.8M colors 

SimulSCAN^, the simultaneous display capabili- 
ty. IS supported at resolutions of 640 x 480 or 800 
X 600. For a complete listing of all modes support- 
ed Py the CL-GD7542. refer to Chapter 4. 

Up to 1024 X 768 16-bit/pixel modes (that is. 5-5-5 
or 5-6-5 R-G-B direct-color modes) are supported 
wrtri erther a IX VCLK (pixel rate is equal to VCLK) 
or with a 2X VCLK (pixel rate is equal to twice the 
VCLK). The 640 x 480 24-bit/pixel modes (6-8-B. 
the R-G-B true-color modes) are supported with a 
3X VCLK (that IS. the pael rate is equal to three 
times tne VCLK) 

3*2.11 Hardware Cursor 

The hardware cursor replaces the software mouse 
pointer commonly used by GUI applications. The 
harcjware cursor eliminates trie need for applica- 
tion software to save and restore tf>€ display data 
as the mouse pointer position changes. The appli- 
cation sotTware typically initializes the hardware 
cursor once, and from that point it needs only to 
upoate the cursor (x.y) position to move trie cursor 
on me disolay 

The haroware cursor otters a smoothly moving 
mouse pointer with .improved pertomiance as 
conoarea lo a software cursor. The haroware cur- 
so' IS always Displayed on top of graphics, or vid- 
eo, or tne hardware icons. 

The haroware cursor consists ol either 64 x 64 rwo- 
Oi: pixels or 32 x 32 two-Dit pixels Each pixel in the 
haroware cursor may be either transparent or one 
ot two colors from an 18-bit palene 



The hardware cursor's palette is stored in the Ex- 
tended Palette, such that ft may be different from 
the VGA color palette.The first bit of each pixel in 
the hardware cursor defines whether or not the pix- 
el is transparent. If the pixel is not transparent, the 
second bit defines the pixel's color. The second bit 
selects one of two 18-bit colors in the Extended 
Palette. 

The following types of 2*brt hardware cursor pat- 
tems can be loaded into upper display memory: 

* 64 x 64 hardware cursor patterns 
(up to 8 pattems) 

• 32 x 32 hardware cursor pattems 
(up to 32 pattems) 

After the hardware cursor pattems are loaded into 
upper display memory, application programs can 
quickly select one pattem as the active cursor pat- 
tern. The hardware cursor is available in all modes 
except text modes and mode 13. Note the hard- 
ware cursor is not supported in 640 x 480 24-brt/ 
pixel modes. For more information, refer to Appen- 
dix A2 'Hardware Cursor*. 

3.2.12 Hardware Pop*up Icons 

The CL-GD7542 provides hardware pop-up icons 
for displaying small, on-screen symbols that indi- 
cate system status (for example, a battery *1uel 
gauge^. These hardware icons are stored in upper 
display memory and can be displayed at the touch 
of a key. The hardware icons are independent of 
the graphics mode being used. 

The CL-GD7542 supports two hardware icon 
modes: 

Cirrus Confidcniial 

• Hardware Icon Mode 1 . Informaoon 
Up to four icons, each 64 x 64 pixels in size, can 
be displayed simultaneously in a vertical col- 
umn. Each icon is independently controlled tor 
color (up to 4 colors or 3 colors plus transparen- 
cy). Each icon can be expanded either horizon- 
tally by pixel doubling, vertically by scanline 
doubling, or both honzontally or vertically to a 
maximum size of 128 x 128 pixels per icon 



f^r^lmJn3^^ Da'-2 Book 



CL 28482 



August 26, 1994 

Rev 1 \ 




'CIRRUS LOGC — 



CL-GD7542 (Nordic) 

CUIX SVGA LCD Coniroller wah MVA ™ 



- When one of the icons is doubled vertically, 
that icon extends down, which forces all oth* 
er icons down. 

- When one of the icons is doubled horizontal- 
»y, that icon expands to the right of the dis- 
play. 

- Each of the four icons is allocated two mem- 
ory maps. (A total of eight hardware icon 
memory maps can be stored in display mem- 
ory.) 

• Hardware Icon Mode 2. 

One 64 X 64 pixel hardware icon, from a menu 
of eight hardware icon memory maps, can be 
displayed. Each icon is independently con- 
trolled for color (up to 4 colors or 3 colors plus 
transparency) and for all other icon attributes 
(such as biink, horizontal and vertical doubling, 
icon enable, and memory map selection). 

Hardware icon(s) are supported in all text and 
graphics modes, except 24-bit/pixel modes with a 
3X clock, 1 6-bit/pixei modes with a 2X clock, and 
tnteriaced modes. 



Hardware icon(s) are independent of the hardware 
cursor. When both a hardware cursor and hard- 
ware icon($) are displayed, the hardware cursor 
passes on top of the hardware icon(s). 

The CL-GD7542 priority of display overtays is as 
follows: 

• Hardware cursor - always displayed on top 

• Hardware icon 

• MotionVideo^ Window data, or VGA graphics, . 
or text data 

3.2.13 Color Palette 

The CL-GD7542 Color Palette consists of a 256 
18-bit-word Color Lookup Table (CLLTT). Each 18- 
bit word consists of three 6-bit values, one for each 
pnmary cotor (Red, Green, and Blue). The 18-brt 
word defines one of 2" or 262,144 (refen-ed to as 
-256K*) colors. 

The CLUT converts an 8-brt color code that speci- 
fies the color of a pixel into an 18-bit value, such 
that 256 simultaneous colors are displayed from a 
palette of 256K colors. Refer to Figure 3-6. 
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Figure 3--6. Color Lookup Table 
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The contents of the GLUT are accessed via rts 8- 
bit'Wide host interface. An 8-btt address value ap- 
plied to the pixekaddress Inputs defines the mem- 
ory location for reading an IS-bit color data word 
from the GLUT. 

An interr^ synchronizing circuit allows the color 
value accesses to be completely asynchronous to 
the pixel video operation. Special display opera- 
tions, such as flashing objects ar>d overtays, are 
possible because the palette incorporates a pixel 
word mask to allow the incoming pixel address to 
be altered. As a result, changes to the contents of 
the CLLTT can be made immediately. 

The GLUT has anti-sparkie circuitry to reduce ran- 
dom noise on the display during CPU accesses to 
the palette. 

DIreeUColor and Tru^Color Modes 

In addition to graphics modes that use the 256 xl8 
CLOT, the CL-GD7542 $up;>ons the following Di- 
rect-Color and True-Color modes, which are useful 
in graphics and multimedia applications: 

• 5-S-5 RGB 32K Direct-Color Mode. 

This mode tr^passes the GLUT. Each'pixel is 
represented by 15 bits, consisting of five bits 
each of Red, Green, and Blue color information 
to provide 32.768 (2^*) simultaneously dis- 
played colors. 



• 5-6-5 RGB 64K Direct-Color Mode. 

This mode bypasses the GLUT. Each pixel is 
represented by 16 bits, consisting of five bits of 
Red. six bits of Green, and 5*bits of Blue color 
information to provide 65,536 (2^*) simulta- 
neously displayed colors. 

• S-8-8 RGB 16.8M True-Color Mode. 

This mode bypasses the CLUT. Each pixel is 
represented by 24 bits, consisting of one byte 
each of Red, Green, and Blue color information 
to provide 16,777,216 (2^) simultaneously dis- 
played colors. 

• Mbced-Color Mode. 

This mode combines 256-oolor packed-pixel 
modes (which use the CLUT) and 5-5-5 RGB 
32K-color modes (which bypass tfie GLUT). 

Each pixel consists of 16 bits. The pixel data bit 
[15] is used to select between the 5-5-5 RGB 
mode and the standanj paiette mode on a pixel- 
by-pixel basis. 

For a block diagram showing the above-mentioned 
modes bypassing the CLUT, refer to Figure 3-7. 
For more information on true-color modes, refer to 
Appendix A5 True-Color Modes'. 
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Monochrome STN LCDs 

On monochrome STN LCDs, the CL-GD7542 pro- 
duces up to 256 gray scales. (For more information 
on gray scales, refer to Section 3.2.20 and 
Section 3.2.23.) 

For graphics modes, these outputs - the 6-6-6 
RGB (from the CLUT). the 5-5-5 RGB, 5-6-5 RGB, 
and the 8-8-8 RGB - are converted to either 64 or 
256 gray scales. The conversion to gray scales 
takes place by programming register CR1 E[7:6] for 
one of the following three options: 

• NTSC weighting 

(30% Red ^ 59% Green ^11% Blue) 

• Green-only 

• Attnbute controller (6-bits) 

For text modes, pixel data is converted into gray 
scales as follows: 

• 4-bil pixel data (4 bits for foreground/back- 
ground color) is directly converted into 16 gray 
scales. 

• 6-brt pocei data (the tower 6 of 8 bits packed-pix- 
el) IS directly converted into 64 gray scales. 

The CL-GD7542 also provides the following types 
of text contrast enhancements: 

• General Contrast Enhancement: 

- If the background color ts greater than the 
foreground color, the foreground color is set 
to 0. and the background color remains un* 
cnanged. 

- If tne background color is tess than the fore* 
ground color, the background color is set to 0. 
and me foreground color remains un- 
cnanged 

• Foreground-Only Contrast Enhancement. 

- tf- tne background coior is greater than the 
foreground color, the foreground color is set 
to 0 and the background color remains un- 
changed. 

- I' the background color is less than the fore- 
ground color, the foreground color is set to 7 
and the background color remains un- 
changed 



The CL-G07542 provides reverse video: 

- Reverse video for text modes is provided by 
programming register CR1E[5]. 

- Reverse video for graphics modes is provid- 
ed by programming register CR1E[4]. 

3.2.14 Extended Palette RAM 

The CL-QD7542's Extended Palette RAf^ pro- 
vides 18^pb(ei data (6-6-6 RGB) for the follow- 
ing functions: 



• IHardware cursor 

• Hardware icon 

• Overscan border color 



As shown in Table 3-1 , the Extended Palette RAM 
enables the colors of the hardware cursor, hard- 
ware icons, and the border to be programmed in- 
dependentty from the standard 256 x 18 VGA Col- 
or Lookup Table. 

Table 3-1. Extended Palette RAM 



I/O 
Ad- 
dress 


Physi- 
cal RAM 
Location 


Function 


XOh 


256 


Hsrdwfsre cursor bscfcground color 


XFh 


257 


Hardwsre cursor Iors9rour>d oolor 


X2h 


258 


Rx cotor ot overscan (the border) 




259 


Hardware con color #0 

(Not tor 3 colors f trsnsp&rent mode) 


X4ti 


260 


Harttware icon color #1 


X5h 


261 


Hardware con color #2 


X6h 


262 


Hardware con color «3 


XCh 


266 


Used by Video BIOS 


XDh 


269 


Used by Video BIOS 


XEh 


270 


Used by Video BIOS 
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3.2.15 Triple DAC 



The DAC inciudes three S-brt digital-to-analog con- 
verters (DACs). The DAC outputs drive the Red, 
Green, and Blue color video inputs to the CRT. The 
DAC outputs are designed to produce a 0.7-volt 
peak-white amplitude when supplied with a refer- 
ence current (IREF). The IREF current is supplied 
with the circuit shown in the IREF pin description in 
Chapter 2. For all IREF values and output loading: 

• Veiack Level = OvottS 

• VMaxwum Wh-te = 0-^7 VOrtS 

Two sense methods — analog and digital — can 
be used to detect the type of CRT monitor that is 
ItJOnnected. 



With the analog sense method, the CL-GD7542 
places specific color values on the RGB lines and 
then compares the resulting voltage level against a 
known internal reference voltage. 

Extended graphics modes are capable of 75-Hz 
vertical refresh rates in a nor>-tnterlaced format. 

• With the core voltage CVDD = 5.0V. the DACs 
operate up to 85 MHz and support the non-in- 
terlaced refresh rates shown in Table 3-2. 

• With the core voltage CVDD = 3.3V. the DACs 
operate up to 65 MHz arid support the non-in- 
terlaced refresh rates shown in Table 3-2. 

For infonmation on CRT-only video modes, refer to 
Section 4.1. 



able 3-2. Refresh Rates for CRTs in 
SimulSCAN Mode 



m 




Refresh Rate for CRTs in SimulSCAN Mode 


?^ 

•p Panel 
r Type 

fl 


Brt&^iacel 


Case 1. CRTs in 
SimulSCAN Mode 
wtth Single-Scan 
STNs* 


Case Z CRTs in 
SimulSCAN Mode 
with Dual-Scan Color 
STNs* 


Case 3. CRTs in 
SimulSCAN Mode 
with DuahScan Mono 
STNs* 


m 




50-MHz 
MCLK 


4S-MHZ 
MCLK 


50-MHz 
MCLX 


4&-MHZ 
MCLK 


50-MHz 
MCLK 


45*MHz 
MCLK 


t 450 1 


8 bop 


75 K2 


75 Hz 


75 Hz 


75 Hz 


75 Hz 


75 Hz 


iriio J 480 1 
rpS>^ 




75 Hz 


75 Hz 


70 Hz 


60 Hz 


75 Hz 


71 Hz 






60 Hz 


56 Hz 


48 Hz 


MHz 


56 Hz 


56 Hz 


! 640 1 460 1 


80-cftaf3Ci«r text 


75 Hz 


75 H2 


75 Hz 


72 HZ 


75 Hz 


75 Hz 


' BOC I 600 i 


8 bpp 


75 Hz 


75 Hz 


65 Hz 


61 Hz 


75 Hz 


75 Hz 


i 800 X 600 


16 DOC i 


58 H2 


55 M2 


45 Hz 


39 HZ 


54 Hz 


47 Hz 


600 I 




60 HZ 1 


60 H2 j 


5-1 H2 


56 Hz 


58 Hz 


58 Hz 


•C?4 1 76£ 


8 DPP 1 


71 Hz j 


66 Hz \ 




Not supported 





C24 X 7&5 



16 DPO 



Not supported 
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3^*16 Motion Video™ Architecture 

The MctionVibeo~ Architecture (MVA~) provides 
the following video multimedia features: 

• Cost-effective, high-quality video-playback 
hardware acceleration for file formats 

• Video playback of other file fomnats (for exam- 
ple MPEG, the Motion Picture Experts Group 
format) via a software driver that is compatible 
with the Device Control Interface (DC!) 

Video playback using a VGA conti'oller without 
MVA has a number of limitations: 

• The video playback's pixel color depth must be 
the same as the pixel color depth of the sur- 
rounding graphics. For a 24-bit/pixel video play- 
back window, ti^ entire 640 x 460 or 600 x 600 
display must operate in 24-bit/pixel modes. 

• Pixel perfomiance on a 640 x 460 24-bit/pixel 
display is very stow, because bandwidth is iim- 
rted by the 32-bit display memory interface. 

• Wrth a 32-brt display memory interface, 600 x 
600 and 1024 x 766 24.bft/paei resolutions are 
not possible. The display memory interface 
woutd require 2 to 3 MBytes of display memory, 
with a 64-brt wide display memory interface, 
which IS not ecorwmical in mainstream note- 
books. 

• Mixing video and graphics functions such as 
zooming m software introduces addrt>onal over- 
head and does not alleviate the display memory 

tjonieneck. 

When playing back video while using a VGA con- 
troller iv7?noLrf the MVA advantage, the above limi- 
rations resurt in the following disadvantages: 

• me video playback window's pixel color depth is 
low (rypicaliy 8 bits per pixel) 

• the screen resolution is small (typically 150 x 
T20 or 320x240) 

• the frame rate is tow (typically 15 frames/sec- 
ond) 

the graphics perlormance is sluggish 

the disoiay memory requirements are high 



3^.16.1 Motion Video™ Window 

MVA creates a MotionVideo Window that utilizes 
ofr-screen memory and which is positioned on top 
of the VGA graphics mode data. (The hardware 
icons and hardware cursor are displayed on top of 
the MotionVideo Window). 

The MotionVideo Window functions as an overlay 
image that can be positioned anywhere on the dis- 
play. Position and size of the MotionVideo™ Win- 
dow are programmabie via registers CRSX, withS- 
pixei hortzontal resolution and l-scaniine vertical 
resoiution. 

The MotionVideo Window can be displayed with 
SimuISCAN on both CRT monitors and the follow- 
ing LCDs: 

• 640 x 460 

• 800 x 600 

With MVA, the display memory becomes a multi- 
forniat display memory. As a result, as listed be- 
low, different color pbcel depths and data fomiats 
can be mixed in the MotionVkteo^ Window dis- 
play. 

• The MotionVideo Window's color pixel depth is 
independent of the color pixel depth of the sur- 
rounding graphics. 

- For example, a MotionVideo Window may 
operate in a 24-brts/pixel mode, While the 
surrounding graphics operate in a 8-bits/pixel 
or 4.bits/pixel mode (even in planar modes). 

• 640 X 480 Single-Scan Color/Mono LCDs 

• 640 X 480 Dual-Scan Coior/Mono LCDs 

• 800 X 600 Single-Scan Color/Mono LCDs 

• 800 X 600 Dual-Scan Color/Mono LCDs 

• The MotionVideo Window's data forniat is inde- 
pendent of the data format of the sun-ounding 
graphics. 

- For example, 4:2:2 YUV video data can be 
stored with 4.bit or 8-bit RGB graphics data 
rn the display memory. (The 4:2:2 YUV for- 
mat ts compressed, since 4:2:2 uses an av- 
erage of 16-bits/pixel to provide the same 
color quality as 24-bit/ptxel RGB modes.) 
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This mixing of color pixel depth modes and data 
formats provides high-quality video playback, 
along with high-perfonnance graphics, while mini- 
mizing display memory requirements. 

The MotionVideo Window's video data is stored in 
MotionVideo Memory, a contiguous portion of off- 
screen display memory. As shown in Figure 3-8, 
MotionVideo Memory Is located as follows: 

• above graphics memory (where pixel data for 
standard and extended VGA modes is stored). 

• in the half-frame accelerator if and only if a 
dual-scan LCD ts used. 

• below the last 1 6KB of display memory (where 
data for the hardware cursor and the hardware 
icons IS stored. 

Off-screen display memory is not required when 
the MotJonVideo Window and sun-ounding graph- 
ics use the same pixel color depth and format. 

Dunng display refresh, data is accessed from e»- 
ther Motron Video Memory or Graphics Memory on 
a pLxef-Dy-pixei basis. 



Note that no double accesses to display memory 
are required, alleviating the display memory band- 
width botuenedc 

Any data format supported by MVA can be dis- 
played. Furthermore, new data formats can be 
added as needed. 

The MotionVideo Window (MVW) supports the fol- 
lowing color space formats: 

• 24-blt/pixef RGB &-S-8 

• 1 6-biVpbtel 4:2:2 YUV linear (Y0UY1 V) 

• 16-brt/ptxel RGB 5-6*5 

• 16*bit/pbcel RGB 5-5-5 

• 8*biVpixel RGB 3:3:2 through the palette 

• 8-bit/pixel RGB 3-3-2 (3:3:2) direct 

For a description of 16-brt/pixel and 24-biVpixel 
RGB formats, refer to Section 3^.13, 

The MVA optimizes display memory bandwidth 
while minimizing display memory requirements. 
As a result high-quality MVWs may be displayed 
With high-resolution graphics modes by using only 
1 MByte of display memory. 



Hardware Cursor/Icons 



Half-Frame Accelerator 
(Dual-Scan LCDs) 

MotionVideo Memory 



Graphics Memory 



Last 16 KBytes 
of Display Meoaory 



Figure 3-^. MotionVideo''^ Memory, Stored as Part of Display Memory 
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TaWe 3-^ shows thtgmpWarfspffly modes mat • With a W x 600 color dual-scan STN LCD, 

are poas^ whan using various oombtruitions of MVWs may not be dispiayad with 600x600 sirv 

MotionVidao Windows and whan up to 1 MByte of gle-scan tfsplays stnca a poftion of the display 

dtsptay memory is availatjte. Note that memory is used tor the Half-Frame Accelerator 

• WKh a 640 X 480 graphics ^splay mode (on en • Wtth a 1024x768 color graphics disptay mode, 

ther a cotor TFT LCOt STN LCD, or a CRT) the the following MVWs may Pe displayed: 



- A320x240MVW.w«ianyblts^elfonpnat The MVWs pixel color depth corresponds to the 
SGOMs may Pe 4. 8. 16, or 24 bte/pixel. tomats above. The MVWs resolution is for the 

eouroe data. Using hardware 'zooming,* this reso- 
• With an 800 x 600 color graphics display mode mtlon may be doubled horizontally and verttcaJfy 
(on either a color TFT LCD or a CRT), the fo*- on the dtepiay. For more information, refer to 
lowing MVWb may be displayed: Section 3JM6^ 

- A 640 X 480 MVW. with 8 brtWpcxel iormaL 
SGDMs may be 4 or 8 bfts/poel. 

- A 640 X 480 MVW. wtth 16 btts/t)ixei fomiat 
SGOMs may be 4 bhs/'pcxel. 

- A 320 X 240 MVW, with 8 or 16 brt&'pcxel. 
SGDMs may be 4 or 8 bIts/pixeL 

- MVWt wTth SGDMs of 24 MU^xel are not 
possibie because of trie dteplay memory size 
and the 32-Wt memory intertaoe. 



fottowrng MVWs may be displayed: 



- A 640 X 480 MVW. with 8 bits^pixeJ. SGOMs 
maybe4bit8/pcxel. 



- A 640 X 480 (fuil-ecrsen) MVW. with 8. 16. or 
24 btts^el format Sunouridtng graphics 
6ispUiV modes (SGDMs) may be 4. 8, or 16 
bits/pbcel 



- A 320 X 240 MVW, wtth 8 bits/paei. SGDMs 
may be 4 or 8 bfta/pbcel. 
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Table 3-3. Motion VidM^ Window / Graphics 
Modes Possible with 1-MByte Display Memory 



Type of LCD Display 
or CKT Monitor 


Cnphics Display Modes 


Motion Video Wmdow 


Resoiudoo 


(Bits Per Pixel) 


Resolution 


(Bits Per Pixel) 


4 


8 


16 


24 




8 


16 


24 


Color TFT LCD 


- 640x480 


Full-screen MVW 


640 x 480 


✓ 


✓ 


✓ 




✓ 




/ 


320x240 


✓ 


✓ 


✓ 


Color Duai-Scas 
STN LCD 




Full-screen MVW 


640x480 


✓ 


✓ 


✓ 




/ 


✓ 




320x240 


✓ 


✓ 


✓ 


Color TFT LCD 


800 x 600 


Fuli-screcn MVW 


800x600 


✓ 


✓ 




✓ 


/ 






640x480 


✓ 
















✓ 




/ 


/ 






320x240 










/ 






✓ 


✓ 




Color DuaJ-Scan 
STN LCD 


FuU-screen MVW 


800 x 600 










/ 






640x480 


















✓ 


✓ 








/ 






320x240 


/ 


✓ 




CRT Morutor 




FuU-screcn MVW 


1024 x 768 








1024 x768 ■ 










640x480 




















✓ 
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320 X 240 
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Ti6i« 3-4 Shows comDrnattons of MVWs (resolu- 
tions and cotof dtpths) and sun^unding graphics 
modas (rasolutions and color depths) avattaPJe for 
vanous displays that have 2 MBytes of display 
memory. With 2 MBytes of display memory, a 
MVW up to 800 x 600 16-bits/paelcan be com- 



CL-GD7542 (Nortile) 

GVrX SVGA LCD Conir olUr wuh MVa^ 

bined with 800 x 600 16^rt/pae* graphKS. A MVW 
up to 640 X480 16.bits/pbcel can be combtned wrth 
1024x768 8-brVpaet graphics. In additioa 2 
MBytes of display memory enables the software 
dnvers to optimae performanoe by usina 64 
KBytes to 256 KBytes for cachemg. ^ 



Table 3-4. MotflonVideo Window / Qraphlee 
Modee Poeaible wtth 2*MByte Display Memory 
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MV>fVi msy ust sevtrai tsp«ct ratios, and th«y ira 
not omrttd to a 4:3 aspact ratio. Howavar. ona 
MVW fimrtation ts tha amount of avaiiabla display 
mamory for MotlonVidao^ Memory, as shown in 
tha aquation batow. 

MNAVM m DMEM - GMEM . ACEL - 16 KBytas 
Whara: 

- MWVM m MotionVidao wndow mamory 

- DMEM m Totai availabia mamory 

- GMEM « Mamory raquirad for graphics 

- ACEL « Mamory raquirad to support tha half- 
trama aooatarator raquirad for dual*scan 
STN panais 

- 16 KBytas « Mamory raaarvad for harowara 
curaor and ioon 

MVA, which can Pa usad m ful»-acraan oonflgura. 
t»ona. anabiaa tha craat»on of spaciai graphica 
modas (auch as. 24-ut/^af with a IX dot dodc). 

3^16^ Hardwara Zooming 

As axpiainad in Tab*a 3-6. hardwara zooming pro- 
vKJas s programmapia 2X magnmcatton by dou- 
Wing paais Mthar honzomalty onTy, varticaNy only. 
Of both honromaWy and vvrDcaJfy simuttanaoualy. 

Tab*a3-S. Programming for Hardwara Zoom 



j Typtof irvWHardwanZoom 


cnc 


1 Morzsntu OM de^Afr^ 




1 Vfpca; cam rmufta^ 




HonzorvAf M v«mi pM nmcai^ 


CR3Crri"K«nd 



3.2.16.3 YUV to RGB Color Spaea Convartar 

The tmagratad YUV-to-RGB Color Spaoa Convan- 
er supports two typas of YUV^RGB algortthms 
w^icn art se^ad by ragistar CR36(6]: 

• Format 1 (Standard): 

- R-Y* 1.375V 

- G . Y . 0 375U - 0.75V 

- S - Y ♦ 1 75U 



• Format 2; 

* R«Y*V 

- G«y-O^U-0.5V 

- B»Y*U 

Ragistar CR36(51 datamtinas whathar tha YUV-to- 
RGB oonvaraion usaa tha ^s oomplamam u.v for- 

S??JrrSl ■ ^ SAA1SB and 

SAA9051 TV daoodara) or axoasa 128 format 



3^16.4 VIdao Playback 

Tha MVA providaa a MotionVidao Window, don- 
»stlng ol ona of tha ootor spaoa formats in 
Sadton 3^16.1, on top of standaro^axtanoad 
VGA modaa. Tha ModonVidao WMoWs pocal col- 
or dapfh may Pa dMartnt from tha pM color dapch 
^ tha aunpundfrig graphica. Tha intamal color 

spaea convartar may batMd to axpand 4:2:2 YUV 
datatD24-bltRQa 

For vtdao playtoadc tha hardwara zoom faaturs 
m^f ba uaad to doubia tha MotionVtdao Window 
nofttontatty. vantcairy, or both hortzontatty and var- 
twally, or to lia tha dlapiay s fUl rasolutlon. 

Tha MVA may ba usad to aooalarata tha playback 
of fDas in a Motion VkJao™ Window. Tha flias wou*d 
ba storad in MottonVtdao Mamory in a 5-5-5 ftia 
fonnat with 320 x 240 raadutlon. 

»f s data format ia 4:2:2 YUV. than during display 
rafrash. tha intamal color spaca oonvanar oonvaru 
tha 4:2:2 fomiat to 24-bltt»bcal RGB. 

If tha display color raaotution a laaa than 24 br^ 
pocai. tha MVA dlthanng algorithm may ba am- 
pioyad ^ prografTwntng ragtstara CR40 and CR4E 
to incraaaa tha displayad petal color depth to 24- 
bfta^al. tndapandantly of tha graphics color raa- 
otutlon. 

By prograrrwntng ragistars CR33 through CR39 
tha MotionVidao Window may ba ra-poaitionad 
a|2;whara on tha display. By programmmg ragistar 
CR3C. tha 320 X 240 MotionVidao'*' Window may 
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be e)9>anded so that the 320 x 240 window may be 
doubled to 640 x 480 on 800 x 600 LCDs. 

The pixel depth of the MotionVideo Window may 
be different from the pixel depth of the sun^undtng 
graphics. 

Figure 3-9 shows a 320 x 240 video dip (5-5-5 
RGB) that is displayed as a 640 x 480 15*bit/ptxef 
MotionVideo Window on a 25&-color 800 x 600 dis- 
play, which can be accomplished using just one 
MByte of display menwry. 



800 



Graphics (8-Bits/Pixel) 




640 












e 


/ 


] 
i 




/320 







5-5-S RGB Video CUp, 
Displajed as a Motion Video 
Window (IS Bits/Pixel) 



Rgure 3-9. MotionVideo Window 



3.2.17 Feature Connector 

The CL-GD7542 provides the functionality of a 
standard VGA ¥B^X\^r9 Connector. The CL- 
QD7542's Feature Connector includes the follow- 
ing pins. 

• FCP[7.0]. b»-<3ireaionai 8-t>(t Data port 

• FCDCLX. dot clock output 

• FCVCLK: video clock input 

• FCESYNC#: enaDle syncs input, to enable the 
HSYNC, VSYNC. and FCBLANKt outputs 

• FCBLANKt: either a blanking signal output, or 
an input that forces RGB outputs to zero current 

• OVRW#: Overlay Window output 



The CL-G07542 supports the Feature Connector, 
such that video data may be input and displayed as 
an overlay video window. The Baseline Output 
Mode (8-bft indexed, one pixel per dock), is direct- 
ly supported The GL-GD7542 supports 8*biVpixel 
indexed data (FC extended mode). 

The 8*bit data is iriput either by using both phases 
of the dock or by using a 2X dock. An 8-blt value, 
stored In the Color Key Compare Register GRC. is 
compared to the video data input from FCPp:0] on 
a pbcet-by-ptxel basts. A match wfll cause the pix- 
el's graphics data to be feplaoed wfth the video 
data input 

3.2.18 HTSC/PAL Out 

The CL-QD7542 outputs digital RGB data in an irv 
tertaoed format to an extemaJ analog TV encoder, 
such as Analog Devices AD720 or Motorola 
MCI 377. Only a minimum amount of addctk>nal 
logic drcultry is required. With the additk>n of an 
analog encoder, a portable computer can output 
the following sigrials, for use with a standard TV 
monitor or video cassette recorder (VCR); 

• hTTSC (National Television Standards Commrt- 
tee) signaJs 

• PAL (phase-altehng fine) tx^nd^ 

The CL-GD7542 will operate in a locked intertaoed 
mode and will use the LCD support shadowing 
mechanism (which shadows the HohzontaJ and 
Vertical CRTC registers) to prevent the application 
from changing the CRTC setup. Even the dot dock 
frequency will be locked. Honzontal and vertical 
display enable will t)e open to the application. 

The hrrsC/PAL output will operate in the standard 
VGA modes. The CL-GD7542 outputs analog 
RGB, composite sync signals, a NTSC/PAL stan- 
dard select signal, and TV*On (a power manage- 
ment signal). 

Due to TV image limitations, graphics mode 13 
and text mode 0 provide the best display quality. 
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3.2.19 Half*Prame AcMl«rator 

The CL-QD7542 integrates a Half-Frame Acceler- 
ator, required by dual-scan LCDs. With the Half- 
Frame Accelerator, a dual-scan LCD can run at a 
twice the CRTs refresh rate. The CL-GD7542 pro- 
vides simultaneous CRT and LCD display opera- 
tion (SimulScan™) for the following dual-scan 
LCDs: 

• 640 X 460 STN/TFT dual-scan LCDs: the Half- 
Frame Accelerator provides all the standard 
VGA modes and extended video modes up to 
640x480 ' 

• 800 X 600 STHTFT dual-scan LCDs: the Half- 
Frame Accelerator provides all the standard 
VGA modes and extended video modes up to 
800x600 

3.2.20 LCD Interface 

TYiB CL-GD7542 directly interfaces with a variety 
of LCDs (and CRTs as well, for SimulSCAN oper- 
ations). These LCDs indude the following: 

• Monochrome 640 x 480 dual-scan and single- 
scan STN LCDs 

• Color 640 x 480 and 800 x 600 dual-scan and 
singte-scan STN LCDs <with 8-bit and 16-bit in- 
terfaces) 

• Color 640 X 480 and 800 x 600 TFT LCDs with 
the following interfaces: 

- 9-brt (3 bits each for Red. Green. Blue) 

- I2*bit (4 bits each for Red, Green. Blue) 

- 18-b(t (6 bits each for Red, Green. Blue) 

- 24-btt (8 bits each tor Red. Green. Blue) 

3.2.21 LCD Resolution Compensation 

With Its LCD Resolution Compensation, the CL- 
GD7S42 allows a speanjm of PC applications, 
onginai^y wrrrten for analog CRT monitors that use 
various VGA modes, to oin transparently on LCDs. 

The LCD Resolution Compensation feature is nec- 
essary, in that unlike CRTs, LCDs have a fixed hor- 
tzontat and verncat resolution. As a result, when a 
PC application is selected. VGA modes that are 
concurrently selected may use a resolution that is 
lower than the fixed resolution ot the LCD. Conse- 
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quently. unless LCD Resolution Compensation is 
used, a section of the LCD is left blank. 

For example, when VGA text mode 3* which con- 
sists of 400 lines, is displayed on a 640 x 480 LCD 
that does not have use of LCD Resolution Com- 
pensation, 80 blank lines remain at the bottom of 
the LCD. (For a list of various horizontal and verti- 
cal resolutions for standard VGA modes, refer to 
Chapter 4.) 

To remove btank space, the CL-GD7542 LCD 
Resolution Compensation presents these options: 

• Autorrtatic eqwnskm of VGA text modes 

• Custom fonts to replace standard VGA fonts 

• Horizontaf centering of displayed lines 

• HorizontaJ expanskm of VGA graphics modes 

• Vertical centering of displayed lines 

• Vertical expartston of VGA graphics modes 

Resolution Componnilon for 640 x 480 LCDs 

For 640 X 480 LCDs, the CL-GD7542 provides the 
following LCD Resolution Compensation options 
to display lower-resolution VGA text and graphics: 

• Auto-Text E)9)ansion. 

Auto-Text Expansion of a VGA font makes the 
font consistent across the LCD and eliminates 
any breaks or artifacts in fonts that connect to 
adjacent fonts. 

- The 9-pixel-wide VGA fonts (used in the pop- 
ular VGA text modes 3 and 7) are horizontal- 
ly displayed as 8-pixei-wide-fonts. As a 
result. 80 characters fill all 640| pixels across. 

The following methods vertically ex;>ar\6 VGA 
character fonts to 19 pixels. As a result. 475 
lines of the LCD's 480 vertical lines are filled. 

* The 8 x 8 (200-line) VGA fonts are double- 
scanned, vertically expanding the font to 
equal 16 pixel lines. An extra top pixel line 
and two extra bottom pixel lines are added to 
each character row of the font, further verti- 
cally expanding the font to equal 19 pixel 
lines. 

- For 8 X 14 (350-line) VGA fonts, two extra top 
pixel lines and three extra bottom pixel lines 
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are added to each character row to vertically 
expand the font to 19 pixel tines. 

- For the 8 X 16 (400-fine) VGA fonts, an extra 
top pixel iir)e and two extra bottom pixel lines 
are added to each character row to vertically 
expand the font to 1 9 pixel lines. 

• Custom Fonts. 

Standard VGA fonts (8 x 6. 8 x 14. and 9 x 16) 
may be reptaoed with a custom 8x19 font to fill 
640 X 475 pixels on a 640 x 480 LCD. 

• Vertical Centering of Displayed Lines. 

- If Auto>Text Expansion or a custom font is 
used, the 475 lines that result can be vertical* 
ly centered on the 480-line LCD. 

*- If Auto*Text Expansion or a custom font is 
not used, 200-. 350-. or 400-iine VGA text or 
graphics modes can also be vertically cerv 
tered on the 480-line LCD. 

• Verdcai Graphics Expansion. 

On a 640 x 480 LCD, Vertical Graphics Expan- 
sion may t)e used to run PC application pro- 
grams that use lower-resolution VGA graphics 
modes. 

- The 200-line VGA graphics modes are verti- 
cally e^anded to 475 lines by expanding ev- 
ery 8 lines to 19 lines, using a pattern of 
2.2.3.2.2,3,2.3 (doubte-scan and tnple- 
scan). 

- The 350-line VGA graphics modes are verti- 
cally expanded to 475 lines by expanding ev- 
ery 14 lines to 19 lines using a pattern of 
1.1.2.1.1.2,1.2.1,1.2,1.1.2 {single-scan and 
double-scan). 

Popular Graphics User Intertace-based appli- 
cations, such as Windows or OS/2, employ a 
CL-GD7S42 dnver ^hax seteas the proper VGA 
graphics mode (such as 2-. 16-. 256-, 32K-. 
64K-, or 16.8M-color modes) to ain application 
programs at the full resolution of the 640 x 480 
LCD. 

Cirrus Confidcnoal 
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Aeeo/utfon Compensation for 800x600 LCDs 

For 800 X 600 LCDs, the CL-GD7542 provides the 
following LCD Resolution Compensation options 
to display lower-resolution VGA text and graphics: 

• Auto-Text Expansion. 

Auto-Text Expansion of a VGA font makes the 
font consistent across the LCD and eliminates 
any brealcs or artifacts in fonts that connect to 
adjacent fonts. 

" The ^-pixeMtftde VGA fonts (used in tfm pop> 
ular VGA text-modes 3 and 7) are horizontal* 
V displayed as 10-pixel*wide fonts, by 
replicating the last pixel once. As a result, 80 
characters fill all 800 pbcels across. 

The following methods vertically expand the 
VGA character fonts. 

- The 8 x 8 (200-line) VGA fonts are tnple- 
scanned, vertically expar>dlng the font to 
equal 24 pixel lines. As a result all of the 
LCD's 600 vertical lines are filled. 

- For the 8 X 14 (SSWine) VGA fonts, every 
odd scaniine is replicated to vertically ex- 
pand the font to 21 lines. As a result 525 
lines of the LCD's 600 vertical lines are filled.. 

- For the 8 X 16 (400*line) VGA fonts, every 
odd scaniine is replicated to vertically ex- 
pand the font to 24 lines. As a result, all of the 
LCD's 600 vertical lines are filled. 

► Custom Fonts. 
Standard VGA fonts (8 x 8, 8 x 14, and 9 x 16) 
may be replaced with a custom 10 x 24 font to 
fill all 800 X 600 pixels on a 800 x 600 LCD. 

* Horizontal Centenng of Display Lines. 

- VGA text modes that are 720 paels wide can 
be horizontally centered, leaving 40 blank 
pixels each on the left and nght sides of the 
800 X 600 LCD display. 

- VGA text modes that are 640 puels wide can 
be horizontally centered, leaving 80 blank 
pixels each on the left and nght sides of the 
800 X 600 LCD display. 
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Horizontal Graphics Expansion. 
VGA graphics modes that are 640 pixels wide 
can be horizontatty expanded to 600 pixels by 
replicating every fourth pixel. (However, cur- 
rently this expansion is not available for VGA 
graphics modes that have either 2X dot clocks 
with 1&*bits/ptxei or 3X dot docks with 24-bits/ 
pixef). 

Vertcal Centering of Displayed Lines. 

- If Auto-Text Expansion or Vertical Graphics 
Expansion is used, the 525 lines that result 
can be verticaJty centered on the 600-line 
LCD. 

- If Auto-Text Expansion is not used, the 200-. 
350-. or 400-line VGA text or graphics modes 
can also be vertically centered on the ^00- 
iine LCD. 

Vertical Graphics Expansion. 
On a 800 x 600 LCD. Vertical Graphics Expan- 
sion may be used to run PC application pro- 
grams that use lower-resoiutjon VGA graphics 
modes, 

- The 350-line VGA graphics modes are verti- 
cally ei^anded to 525 lines by replicating alt 
odd scanlines. 

- The 400-line VGA graphics modes are verli- 
cairy expanded to 600 lines by replicating all 
odd scanltnes. 

- The 480-iine VGA graphics modes are verti- 
cally expanded to 600 lines by replicating ev- 
ery fourth scanline. 

Popular Graphics User Interface-based appli- 
cations, such as Windows or OS/2, employ a 
CL-GD7542 dnver that selects the proper VGA 
graphics mode (such as 2-, 16-. 256-. 32K-. or 
64K-color modes) to run the application pro- 
crams at tne tull resolution of the 800 x 600 
LCD 



3.2.22 Frame Rate Modulation 

The CL-GD7542 employs a new. improved frame 
rate modulation (FRM) algonthm to create gray 
scales on monochrome and color STN LCDs. Over 
multiple frames in time, the FRM algorithm modu- 
lates tne "on* and "ofT times of individual pixels in 



the LCD» such that the eye integrates the superim- 
posed pixels as perceptible gray scales. 

Proprietary techniques reduce or eliminate entirely 
the gray scales' artifacts (for example, flicker, 
noise and pattern nxrtion). On stateK)f-the-art STN 
LCDs with fast response times of approximately 
1 00 ms, the result is an outstanding display quality. 

The CL-GD7542 provides three FRM options: 

• 16-frameFRM. 

This FRM option modulates the pixel over 16 
frames in time to create 1 6 shades for each red. 
green, and blue (RGB) primary color, for 4,096 
(16>) colors total. 

This option is intended to support STN LCDs 
cun^entty available and in development, includ- 
ing STN LCDs with very fast response times of 
approximately 100 ms. This algorithm allows 
masking of undesirable gray scales (that is. 
those that exhibit flicker or pattern motion). 

- By setting RBX[4]. gray scales 7 and 9 can 
be converted to gray scales 6 and 6. respec- 
tively. 

- By setting RBX[3]. gray scales 1 and 15 can 
be converted to gray scales 0 and 16, re- 
spectively. 

- If two gray scales are masked, the FRM algo- 
rithm produces 2.744 (14*) colors. 

- If four gray scales are masked, the FRM al- 
gonthm produces 1.728 (12*) colors. 



8-frame FRM. 

This FRM option modulates the pixel over 8 
frames in time to create 8 shades for each RGB 
primary color, tor 512 (8*) colors total. 



This option IS intended to reduce flicker and 
"submanning" (that is. the temporary disap- 
pearance of the mouse pointer) on future STN 
LCDs that may have response times that are 
too fast for the 1 6-trame FRM option. 
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• 4-frameFRM. 

This FRM option modulates the pixel over 4 
frames in time to create 4 shades for each RGB 
primary color, for 64 (4») colors total. 

This option is intended to reduce flicker and 
•submarining" (that is. ttie temporary disap- 
pearance of the mouse pointer) on future STN 
LCDs that may have response times too fast for 
both the 16- and 8-frame FRM options. 

In summary, the FRM algorithm produces 2, 3. or 
4 bits of color depth for each RGB primary color on 
STN LCDs. 



Table 3-4. Effective Dithering Patterns 



Effective 
Dithering 
Pattern 


Increased Number of 
Displayed BiU per 

RGB Primary Color 


2x1 Pattern 


1 M 


2x2Patl»m 


2bits 


4x2P«n»m 


SMS 


4x4P«ltem 


4bits 


S X 4 Pattern 


5Ms 


8x6Pattem 





- To add up to 6 bits of color depth to each pri* 
mary color, the CL-GD7542's Dlthenng En- 
gine may be used with an FRM algorithm. 

- To add up to 8 bits of color depth to each pri- 
mary color (or 256 gray scales for each pri- 
mary color) for a total of 16.8M colors, the 
CL-GD7542's Dithenng Engine may be used 
with only a 4-frame FRM algorithm. 

3.2.23 Dithering Engine 

The CL-GD7542's Dithering Engine increases the 
number of perceived colors displayed on the LCD 
and/or CRT. relative to what the display can phys- 
icatty produce wrthout dithenng. 

A propnetary intercalating spatial dithenng tech- 
nique preserves the spatial resolution of the dis- 
played image. For example, when a 640 x 480 res- 
olution image is dithered, its resolution is 
maintained, instead of being reduced to 320 x 240. 

The Dithenng Engine works by automatically se- 
lecting a dithenng pattern. As shown in Table ^-6, 
an ir^crease in the dithenng pattern increases the 
number of displayed bits per RGB pnmary^ color, 
depending upon the image's color depth. 



The Dithering Engine may automaticaJly add up to 
6 bits per primary odor, and it may be used tor co^- 
or and monochrome STN LCDs and TFT LCDs. 
(By programming register CR4C, this automatic 
feature may be overridden, and the number of brts 
per primary color limited to a programmable num- 
ber.) 

As shown in Figure 3-1 in Section 3.2, in the data 
path, the Dithering Engine is after the LCD Reso- 
lution Compensation, such that dithering is applied 
to the expanded image. 

The Dithering Engine contains two separate dither- 
ing registers: 

• Dithering register for standard/extended VGA 
modes 

• Dithering register for MotionVideo'^ Window 

To render the appropriate colors, the CL-GD7542 
dynamically switches dithering between surround- 
ing graphics and the MotionVideo Window. (For 
more infonnation on the MotionVideo™ Window, 
refer to Section 3.2. 16.1.) 
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Table »-7 shows the number of gray scales that 
may be displayed on a monochrome STN LCD, by 
using a combination of the various FRM and dith- 
ering options. 

As shown in the table, the 4-frame frame-rate- 
modulation option produces only four gray scales 
(2 bits/pixel), which are insufficient for displaying 
32-. 64-, or 256-gray scale images. 

The various dithering options may automatically 
add up to 6 t)its/pixel depending upon the dis- 
played image's color depth. 

• To display a 32-gray-scale image (5 bits), the 
Drthenng Engine automatically adds 3 bits to 
the 2 bits produced by FRM. 

• To display a 64-gray-scale image (6 bits), the 
Dithenng Engine automatically adds 4 bits to 
the 2 bits produced by the FRM. 

• To display a 256-gray-scale image (8-bits). the 
Dtthenng Engir>e automatically adds 6 bits to 
itye 2 bits produced by FRM. 



Table S-7. Numb*r^Qny 



On Mom STN LCDs 



Fram** 
Rata- 
Modute- 

tion 
Option 


Effective 
OlttMfing 


Resulting tmege 

on Mono STN LCD 
TYwIHaK 


32Qriy 
(5bll») 


S4 0ny 
(6blti) 


256 Gray 
(8 bits) 


Pat- 
lam 


No. 
Of 
Bite 


4 tramae 

(2 bits) 


— 

mm 


0 


4<2») 


2x1 


1 


8(2>) 


2x2 


2 


16(2*) 


4x2 


3 


32(2*) 


4x4 


4 


32(2*) 


64(2*) 


8x4 


S 


W(2*) 


128 (2^) 


8x8 


6 


256(2*) 


8 frames 
(3 bns) 


None 


0 


8(2*) 


2x 1 


1 


16(2*) 


2x2 


2 


32(2*) 


4x2 


3 


32(2*) 


64 (2^ 


4x4 


4 


64(2*) 


128 (2^) 


4x8 


5 


256 (2^ 


16 Irames 
(4 bns) 


None 


0 


16(2*) 


2x1 


1 


32(2*) 


2x2 


2 


32(2*) 


64(2*) 


4x2 


3 


64(2*) 


128 (2^) 


4x4 


4 


256 (2*) 
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Table 3-4 shows me number of disptayed colors 
on a color STN LCD. with various FRM and dither- 
ing options* As shown in Table 3-6, each FRM/ 
dithering option produces the same number of col- 
or shades per primary color as gray scales for 
monochrome LCDs shown In Table 3-7. 

Note that the total number of colors is equal to 3X 
the number of color per pnmary color RGB. 

For example, a 4-frame FRM and 8x8 dithering 
pattern produces 2* (256) gray scales on mono- 
chrome STN LCDs and 2** (16.8M colors) on color 
STN LCD. 



T«bl« :M. Numbw' of Colors On Color STN LCDs 



Prtmary Color RGB 


RowiMne Ima^e on 
on Color STN LCD That Has: 


Ratt^ 

tton 




32 


2S6K 
COlOfS 

(ISblla) 


leoiMoofr- 


Ditnor> 
Ine 
Pal* 
torn 


No. 
of 
BMa 


colort 
(ISbtta) 


ora 

(24 bita) 




Nono 


0 


64(2^ 




2x1 


1 


512 (2^ 




2x2 


2 


4K(2'*) 


4 framos 

{2 brt») 


4x2 


3 


32K(2^») 




4X4 


4 




256K(2**) 




8x4 


5 


32K{2'*) 


256K (2^») 


2M(2*'} 




8x8 


6 




t6.6M 




None 


0 


512(2*) 




2x1 


1 


4K(2'^ 


8 frames 


2x2 


2 


32K(2'*) 


(3 tKtS) 


4x2 


3 




256K(2*») 




4x4 


4 


32K (2**) 


256K (2'*) 


2M(2*') 




4x8 


5 






16.6M 




None 


0 


4K(2'*) 




2x1 


1 


32K (2'*) 


16 frames 

<4 btts) 


2x2 


2 




256K (2'*) 




4x2 


3 , 


32K (2'*) 


256K (2^*) - 


2M (221) 




4x4 


4 






16.8M 
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Table shows the number of colors various 
dithering patterns produce on 512*color TFT 
LCDs. K an image using the standard VGA 18*bft 
color pafette is displayed on a 512-color TFT LCD 
(that rs, which has only a &-blt color palette), stgnif- 
tcant banding or contour lines are readily apparent 

TabteS-S. Numterof ColormOiiS12-ColorTFTtCOs 



Primwy Color RGB 


Deautting lma9t 

en Color TFT LCD 
That Hat: 


Gtnofvtodby LCD 


32K 

COlOfB 

(15 bits) 


256K 
eolors 
(18 bits) 


colorm 
(24 btts) 


Dfthortng 
Pittoni 


No. 
of 
Bits 


Norte 


0 


512(2*) 


2x1 


1 


4K (2^*) 


2x2 


2 




32K (2**) 


4x2 


3 


32K (2'^ 




25eK (2'») 


4x4 


4 


256K (2**) 


2M(2*^) 


6x4 


5 






16.8M (2^*) 



Consequently, the Drthenng Engine automatically 
employs a 4 x 2 pattern to increase the number of 
displayed ooiofs from the 3 bits per primary color 
that the LCD pn^uces to the full 6 bits per pnmary 
color to meet the 18-brt VGA color palette require- 
ment upon the displayed image's color depth. 

• To display a 32-gray-scale image (5 bits), the 
Dtmenng Engine autonr^ticalty adds 3 bits to 
the 2 t5its produced by FRM. 

• To display a 64-gray-scaie image (6 bits), the 
Dithenng Engine automatically adds 4 bits to 
trie 2 &tts produced Oy FRM. 

• To display a 256-gray-scale image (8 bits), the 
Dithenng Engine automatically adds 6 bits to 
tne 2 bits produced by FRM. 

The number of bits the Drthenng Engirve needs to 
add IS reduced when either a 8-trame FRM or a 16- 
Irame FRM is used. 



Table 3-10 sfk>ws the number of colors vanous 
dithering patterns produce on 4K-oolor TFT LCDs. 

TableS-lO. Numbwef CetorsOn4K<CelorTFrLCD« 



Prtm«y Color ROB 
By LCD 


Resulting lmo9o 

on Color TFT LCD 
That Hat: 


D(thoiin9 
Pflttofn 


No. 
of 
Bite 


sac 
odofB 
(iSbtts) 


2SSK 
oelert 
(IS Mts) 


or« 

(24 bfts) 


None 


0 


4K(2^*) 


2x1 


1 


32K(2^*) 


2x2 


2 


32K(2'*) 


256K(2^*) 


4x2 


3 


256K(2^») 


2M(2^) 


4x4 


4 


16JM (2^*) 



Table 3-11 shows the number of colors that drth- 
enng patterns produce on 256K-color TFT LCDs. 

Table 3-11. Numbor of Colon On 256K-Color TFT LCD* 



Primary Color RGB 


Resulting Image 
on Color TFT LCD 
TMHaa: 


Dltf>crvig 
Pattern 


No. 
Of 
Bto 


32K 
coiorm 
(ISbiti) 


2S6K 
eolori 
(IS bits) 


iS.aMeof- 

ora 
(24Wta) 


None 


0 






256K(2^*) 


2x1 


1 


32K (2^*) 


2S6K (2^*) 


2M(2*') 


2x2 


2 






t6.8M (2^*) 
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3*2.24 Frequency Synthesizer 

The Frequency Synthesizer generates all dock 
frequencies for VGA and extended modes opera- 
tion. Using a single reference frequency of 
14.31818 MHz t^at is supplied from an external 
TTL-level source, the Frequency Synthesizer gen- 
erates two fully programmable docks - the mem- 
ory clock (MCLK) and the video dock (VCLK). 

Refer to Figure 3-10 for the Frequency Synthesiz- 
er Functional Diagram. 

• MCLK 

- MCLX (the memory dock) generates ail 
docks needed for memory timing signals (for 
example. RAS*. CAS', etc.). 

- MCLK must be optimized for the speed of the 
display memory used. 



- MCLK frequences are programmed wtth 
SR1F. 

- For optimal selection of DRAM speeds, the 
CL-6D7542 supports MCLKs up to 45 MHz 
at 3.3V or 50 MHz at 5.0V. 

VCLK 

- VCLK (the video dock), is the fundamental 
video timing dock which generates all docks 
needed for video display timing signals (for 
example, HSYNC and VSYNC) and for the 
pixel dock. 

- VCLK must be changed to support various 
display resolutions and refresh rates. 

- The VCLK frequencies are programmed with 
registers SRB through SRE and SR1B 
through SRIF. 

- The CL-GD7542 supports VCLKs up to 65 
MHz at 3.3V or 80 MHz at 5.0V. 



VCLK 
SELfCnON 



m/osc 



MCLK 

seLEcmoN 





PROGRAN 


tllABL£ 


^ 


VCLK 




OSaLIATOR 




J 


i 






f 




PROGRAM UABLE 


^ 


MCLK 




OSaLLATOR 



VCLK 



MCUC 



Figure 3->10. Programmable Dual-Frequency Synthesizer Functional Diagram 
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3JL2S Power Management 

The CL-QD7542 supports a variety of power man- 
agement techniques to maximize battery life, in- 
cluding: 

• LCD-onry power savings. 

During LCD-onJy operations, the video DAC (in- 
cluding its monitor sense comparators) is pow- 
ered down, and the video clock (VCLK) may be 
reduced to a level that still minimizes flicker. 

• LCD power-up/down sequence control. 

To protect the LCD, the FPVEE and FPVCC 
output signals control the LCD's power-up and 
power-down sequence. [Damage can occur if 
VEE (the LCD's high-voltage power) is applied 
without VDD (the LCD*s logic power)]. The 
FPBL output signal controls the LCD's backlight 
enable. 

• M(xed-voltage interfaces. 

The host bus. display memory. LCD. and CRT 
interfaces can each be implemented at either 
3.3V or 5V. The voltages used for each inter- 
face may be mtxed in any combination. 

• Standby Mode. 

This mode reduces power consumption by turn- 
ing off the display while allowing application 
programs to continue to run normally in the 
background. 

Standby is entered via the Standby pm. by us- 
ing the internal Standby Counter, or by pro- 
- gramming a register. 

During Standby, using the proper power se- 
Quenctng. the LCD and CRT are tumed off. the 
viaeo Clock (VCLK) is stopped, and the video 
DAC IS powered down. The CPU can still ac- 
cess and modify tne display memory and pal- 
ene. 

The Standby Mode is exited as it is entered, via 
the Standby pm, Dy using the internal Standby 
Counter, or by programming a register. 
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• Suspend Mode. 

This mode reduces power consumption when 
the system remains inactive for a relatively long 
period of time, while maintaining the contents of 
the controller's registers, palette, and display 
memory. Unlike Standby mode, however, dur- 
ing the Suspend Mode, applications are sus- 
pended and do not continue to mn normally in 
the background. 

Hardware^ntrolled Suspend is entered via 
the Suspend Pin, Software-controlled Suspend 
is entered by setting register CR20[31. 

in contrast to Hardware-controlied Suspend, 
Software-controlled Suspend allows the CPU to 
access the internal registers, which requires an 
active dock and I/O capability, and therefore, 
more power. 

During Hardware-controlled Suspend, the dis- 
play is tumed off. the video (VCLK) and memo- 
ry (MCLK) docks are both stopped, and CPU 
accesses to the display memory, palette, and 
I/O registers cease. 

The controller configures display memory for 
self-refresh or uses the 32-kH2 dock for mem- 
ory refresh. 

Hardware-controlled Suspend is exited via the 
Suspend Pin. When Suspend Mode is exited, 
any application programs that were previously 
running can be quickly re-started from the point 
at which they suspended. 

• VESA Display Power Management. 

The CL-GD7542 supports the VESA Display 
Power Management Spedfication for CRT 
power management to allow systems to comply 
with the U.S. Environmental Protection Agen- 
cy's Energy Star Computer qualifications. 

For more information, refer to Appendix A9. 'Pow- 
er-Management Solutions". CL 28502 
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3.3 Performance 

The CL-GD7542 is designed with the following 
performanoe*enhancing features: 

• BitBLT Engine- 

The BttBLT Engine is used to accelerate Graph- 
ics User Interfaces (GUIs), such as Microsoft 
Windows. 

« Bus Interface Choices. 

The CL'G07542 provides a choice of bus inter- 
faces for optimum performance: 

- 32-b(tVESAVL*Bus 

- '466 locahbus interface 

- PCI bus interface 

• CPU Interfaces to I/O registers and memory. 
For increased performance, the CL*G07542 
supports the following CPU interfaces: 

- 32-b(t CPU interface to display memory, for 
faster CPU host access to memory for all 
modes, including planar modes 

- 16-brt CPU interface to I/O Registers, for 
faster CPU host access to the registers 

• Extended-Write Modes. 

- For faster CPU write performance, the ex- 
tended'wrrte modes can be used on 6 pixels 
at a time in 8- or 16-t>it/pixet graphics modes 
that have packed-pixel addressing. 

- These wnte modes can be used for faster 
text writing* pattern filling, and block-moving 
operations in graphics modes. 

For more information, refer to Appendix A4 'Col- 
or E^ansion and Extended-Wrtte Modes*. 

Hardware Cursor. 

GUI performance can be improved by using ei- 
ther the 32 X 32 or the 64 x S4 Hardware Cursor. 

Memory Data Fast Access. 

For faster access to display memory, the CL- 

GD7542 supports the following: 

- a 32-bit display memory data bus. 

- ORAM Fast-page Mode operations 
Video FfFO. 

Vtdeo FIFO minimizes memory contention. 



• Zero-wait-state performance. 

For faster CPU access for writes to display 
memory, the CL-GD7542 provides zero-wait- 
state performance and a CPU Write Buffer. 

3.4 RAMDAC Operation 

3.4.1 Writing to the Color Loolcup Table 

To write a color definition to the Lookup Table, a 
value specifying an address location in the Look- 
up Table fa first written to the Wdte Mode Address 
Register. The ootor values^r thefied, Qreea and 
Blue intensities are then wrftten in succession to 
the Color Value Register. After the Blue data bits 
are latched, the new color data bits are then written 
into the Lookup Table at the defined address, and 
the CL*G07542 automatically increments the Ad- 
dress Register. 

Since the CL-GD7542 increments the Address 
Register after each transfer of data to the Lookup 
Table, It is best to write a set of consecutive k)ca- 
tions at once. The start address of the set of loca- 
tions is first written to the Write Mode Address 
Register. The color data bits for each address lo- 
cation are then sequentially written to the Color 
Value Register. After each CPU host transfer of 
three bytes of color data, the CL-6D7542 automat- 
ically writes data to the Lookup Table and incre- 
ments the Addnsss Register. 

3.4.2 Reading from the Color Lookup Table 

To read color data from the Lookup Table, a value 
specifying the address location of tt^ data is writ- 
ten to the Read Mode Address Register. After the 
address is latched, the data bits from this location 
are automatically read out to the Color Value Reg- 
ister, and the CL-G07542 automattca(fy incre- 
ments the Address Register. 

The color intensity values are then read from the 
Color Value Register by a sequence of three read 
(RO*) commands. After the Blue value is trans* 
ferred out new data bits are read from the Lookup 
Table's current address to the Color Value Regis- 
ter which causes the CL-GD7542 to automatically 
increment the Address Register again. 
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If the CL-GD7542 loads the Address Register with 
a new starting address while an unfinished se* 
quence is in progress* the system resets and starts 
a new sequence. This action occurs for both read 
and write operations. 
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3.7 Extenstdn Registers 

While expanding or centering VGA modes on 640 
X 480 or 800 X 600 LCDs, the appropnate VGA reg- 
isters are shadowed, for VGA compatibility. 



3.5 Programmable Core Voltage 

To optimize graphics performance and power con* 
sumption, the CL*GD7542 supports seleafve 
switching of the core VDO between 3.3V and 5V. 
based upon the video mode that is being used. 

3.5.1 3.3V Core Voltage 

When the CL-GD7542 is operating at 3,3V, the CL- 
G07542*5 memory dock operates up to 45 MHz. 
which IS suffiaent for the following pixel modes: 

• 1024 X 768 4-bit/pbcel 

• 800 X 600 8*b[t/pixel 

• 640 x 480 1 6-bit/pixei 

The core VDD and AnaJog VODs must always be 
at the same voltage. 

3.5.2 5.0V Core Voltage 

When the CL-GD7542 is operating at 5.0V, the CL- 
GD7542's memory clock should be at 50 MHz to 
maximize performance m the following pixel 
modes 

• 1 024 X 768 B't>\Vp\xe\ 

• 800 x 600 16-btt/pfxei 

• 640 X 480 24-bit/pixel modes 

The core VDD and Analog VODs (which must al- 
ways be at the same voltage) should be 5V with a 
50 MH2 memory clock. 

3.6 Compatibility 

The CL-GD7542 includes all registers and oata 
parns required tor standard VGA controllers. It also 
supports the loliowing extended VGA modes: 

• 1 024 X 768 with 256 colors (interlaced and non- 
intertaced modes) 

• 1 280 X 1 024 with 256 colors (interlaced modes) 

Aoditjonaity. various 132-cotumn text modes are 
supponeo 



3.8 Testability 

The CL-G07S42 chip is testable by using Pin- Scan 
Testing and a Signal Generator. 

Pin-scan testing tests the signal state of every pin 
on the chip. Any pins that are not connected to the 
board, or which are shorted to a neighboring pin or 
trace will be detected. For more fnformafion. refer 
to Appendix A1 1 , 'Pin-Scan Testing." 

The Signature Generator allows the entire system, 
including display memory, to be tested at speed. 
For more information, refer to Appendix A10, "Sig- 
nature Generator". 

3.9 Configuration Inputs 

To configure the chip for operation, the CL- 
GD7542 uses a combination of hardware and soft- 
ware configurations. 

3.9.1 Hardware Configuration Inputs 

Pull-up resistors are used on sonne of the memory 
data pins, which are read during the low-to-high 
transition of the Reset* pulse or when the External 
Putt-Up Reset register SR24[3] ts toggled. 

• 32-bit PCI Bus. 

This configuration selects the 32-bjt PCI bus 
with Min-grant timing of 8 PCI CLXs (-250 ns at - 
33 MHz). 

• 32-bit PCI Bus with Min-Grant Extended. 

This configuration selects the PCI bus, 
but with Min-grant timing extended from 8 PCI 
CLKs (-250 ns at 33 MHz) to 16 PCI CLKs 
(-500 ns at 33MHz), allowing burst write mode 
capability. 

• Enable Feature Connector. 

This configuration uses the appropriate pins for 
the Feature Connector video port. (Refer to Pin 
Descnptions in Chapter 1. and Chapter 2. for 
the affected pins). 
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• Sleep Address Select 

This configuration selects either .1/0 address 
46E8h or 3C3h (the default) as the sleep ad- 
dress. 

• VESA VL-Bus with SO-MHz MCLK. 

This configuration sets the VL-Bus for >a3 MHz 
local bus operation. 

If no resistors are present the above pins are read 
as low t>ecause of the internal pull-dowh resistors. 
The status of these inputs is stored in registers 
SR22 and SR24. 

Three hardware switch inputs (SW[2:0]) are read 
during each horizontal retrace penod. These in- 
puts are used by the BIOS to monitor external ac- 
trvTties that can affect the chip operation. The sta- 
tus of these three inputs is stored in SR24[2:0]. 

3.9.2 Software Configuration Inputs 

A software programmable register. SR23. is used 
to select the desired function of some multi*func- 
tion pins as defirred below: 

• ACT! / FCEVIOEO# / SBYf Select. 
Registers SR23{6] and SR24[7] configure the 
ACTl / FCEVIDEO# / SBYI input (pin 86) as ei- 
ther the Activity Sense input or the hardware- 
controlled Standby input. 

• BU / SUSP! Enable. 

Registers SR23(5] and SR24[7] configure the 
BU I SUSPI input (pin 87) as either the Hard- 
ware-Controlled Suspend input or the Backlight 
Input control. 

• FCDCLK Output Select. 

Register SR24[4) is used to output either the 
VCLK or PCLXO on the FCDCLK ptn. 

• FCVCLK Enable. 

Register SR23[7] seleas whether FCVCLK is 
sent to tne DAC only or is also used tor VCLK 
generation, 

• VCLK Output Enable. 

Registers SR23(4) and SR24rn either make the 
VCLK output pin low or output the internal 
VCLK on the FCDCLK / VCLK output (pin 103). 

For more configuration information, refer to Appen- 
dix A14. 'Configuration Notes' and Section 2.7. 



3.10 Software Support 

The CL-GD7542 supports big^ndian wonj swap- 
ping, which allows it to toad erther *x86 tittle-endian 
data or PowerPC big*endtan data into display 
memory, depending upon the application require- 
ments. 

A VGA BIOS, which is fulfy compatible with the 
standard IBM VGA BIOS and the Interrupt lOh vid- 
eo service functions, is available from Cimis Logic 
and third-party BIOS vendors. 

The Cirrus Logic CL-G07542 VQA BIOS is a high- 
quality* feature^rtch firmware product designed to 
take maximum advantage of the CL-6D7542 con- 
troiler, especsaily in the areas of display quality, 
power management and graphics perfomiance. 
The key features of the VGA BIOS are: 

• Super VGA-compatible BIOS 

• Supports SimulSCAN operation (simuftaneous 
LCD and CRT display) 

• Supports the power-nDanagement modes 

• Supports display-enhancement features 

• Can be Integrated with the system BIOS 

• Supports switchless configuration 

• Can t>e customized without source code 
through use of utility programs such as OEMSI 

• Provides VESA-compatible modes and 1.2- 
function support for Video BIOS Extensions 
(VBE) 

• Supports multiple monitor refresh rates 

The CL-GD7542 VGA controller and BIOS can be 
mp\emer\xe6 as an adapter board or placed direct- 
ly on the system board. The VESA local bus BIOS 
can be located at COOOh or EOOOh. There is a sep- 
arate BIOS for PCI bus implementations. 

The core BIOS requires 32 KBytes. Extra function- 
ality, such as EGA-compatible fonts, can be locat- 
ed tn a 15-KByte optional BIOS. This optional 
BIOS may be either appended to the core BIOS 
(for VL-bus or PCI bus implementations) or k>aded 
into the same segment as the core BIOS (for VL- 
bus implementations). For system implementa- 
tions which do rtot have ROM space for the 16- 
KByte optional BIOS, a TSR is provided to support 
the extra functionality in DOS environments. 



81 



Cirrus Confiiienaal 
Business InformaOon 



Prebminary Dau Book 



CL 28505 



August 26, 2994 

Rev i 1 




CL'GD7542 (Nordic) 

CUIXSVGA LCD CoruroUer with MVa"^ 



'OmJS LOGIC 



3.10.1 Software Support for OEMs 

Cirrus Logic provides the following CL-GD7542 
software utilrties for OEM development use: 

• CL.STEST. 

This utility is a DOS-based screen-testing utility 
that provides for the following: 

- CL.STEST enables the user to display and 
adjust the position and RGB color of a variety 
of patterns (including color bars, lines and 
rectangles) to test the display's quality. 

- CL.STEST may operate with pixel resolu- 
tions of: 

- 640 X 400 

- 640 X 480 

- 800 x 600 

- 1024x768 

• CLPaneL 

This utility is a OOS-based LCD-parameter op- 
timization utility that provides for the following: 

* Via a senal link to an external monitor. 
CLPanel enables a vanery of LCD parame- 
ters to be adjusted. 

- CLPanel may be used to view a variety of dis- 
play test images and brt-map (BMP) images. 

- CLPanel may be used to switch the active 
display between LCD. CRT. or SimulScan 
modes. 

• CLRegs. 

This utiirty is a DOS-based VGA-controller reg- 
ister viewer/editor utility that provides for the fol- 
lowing. 

- CLRegs enables users to easily view and 
edit the CL-GD7542's standard VGA and ex- 
tension registers and color palette. 

- The CLRegs Help screen provides a bnet ex- 
planation of each btt in each register. 

- CLRegs enables register values to be 
Changed by typing in a new hex value or tog- 
gling individual bits. 

- CLRegs also displays a vanety of the CL- 
GD7542's configuration data, including the 
status of the CRT Controller, the graphics 
mode being used, information about the vid- 
eo BIOS, and hardware cursor information. 



• CLView. 

This utility is a DOS«based image-viewing utiirty 
that provides for the following: 

- CLView loads the following types of image 
files: BMP, Graphics Interchange Fonriat 
(QIF),TQA. or PCX. 

- The CLView's fullscreen menu lists all cur- 
rent BMP, GIF, TGA, or PCX image files. 

- By pressing a CLView function key, each im- 
age's width, height, bits per pixels, number of 
colors, and file size can be displayed. 

- CLView allows image files to be marked for 
inclusion in a slide show. 

- CLView may be used to switch the active dis- 
play between LCD, CRT, or SimulScan 
modes. 

• OEMSI. 

This utility is a Cirrus Logic BlO&customtzation^ 
utility for OEM development use. 

3.10.2 Software Support for End Users 

Cinus Logic provides the following CL-GD7542 
software utilities for distribution to end users: 

• CL.Mode. 

CL.Mode is a DOS-based graphics-mode utili- 
ty and display-configuration utiirty. 

- CL.Mode*s user-friendly VGA Configuration 
menu enables users to tum "on* and "ofT a 
variety of graphics configuration options, in- 
cluding the following: 

- automatic text expansion 

- bold fonts 

- power-management options 

- reverse video 

- shading of graphics and text 

- text enhancement 

- venical position of display 

- CL.Mode's Monitor Type Setup menu en- 
ables users to set CRT monitor resolution 
and refresh rate. 

- CL.Mode's Video Modes Preview menu en- 
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ables users to display the various VGA 
modes. 

- New settings of the above options enabled 
by the user can be updated in the AUTOEX- 
EC.BAT file by this program, 

CLVESA. 

This utility is a Terminate-and-Stay-Resident 
(TSR) utility that supports the VESA BIOS ex- 
tensions. 
CSwitcher. 

This utility is a video-configuration TSR. 
SETRES. 

This utility is a Windows application for defining 
the resolution and bit depth of the CL-GD7542 
Windows Driver 

- SETRES enables users to set the CRT reso- 
lution to: 640 X 480. 800 X 600, 1024 x 768, 
or1280x1024 

- SETRES enables users to select bit depth 
used on either the CRT or LCD. such as: 1 6. 
256. 64K. or16.8M. 

- SETRES enables users to turn the Hardware 
Cursor 'on" and "ofT, 

- SETRES enables users to make the font size 
nomnaJ or large. 

WtnMode. 

This utilrty is a Windows application for video- 
mode configurations. 
WinPar>el, 

This utJitty is very similar in operation to 
CL.MODE, and perfomis the same basic func- 
tions in the Windows environment. 

- WinPanel enables users to turn "on* and "off 



a variety of graphics configuration options, 
including: 

- automatic text expansion 

- bold fonts 

- power-management options (such as the 
timer tntervais for Standby mode or back- 
light) 

- reverse vkjeo 

- shading of graphics and text 
^ text enhancement 

- vertical position of display 

- WinPanel allows users to select between 
LCD, CRT, or SimulScan display optiore. 

- WinPanel allows users to set high-refresh 
rates for CRT monitors. 

- New settings of the above options enabled 
by the user can be updated in the ALTTOEX- 
EC.BAT file by this program. 

3.11 Package 

The CL-GD7542 is available in a standard EIAJ 
208-pin QFP package with a 28 x 28 mm body size 
and 0.5 mm lead pitch. 
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4. CL-GD7542 Video Mode Tables 

This chapter fists tables for configuring the CL-GD7542 for various CRT and flat-panel video modes. For 
detailed (nformation on specific LCD flat paneJs that the CL-GD7542 can drive, refer to the CL-G07542 

Par\Bi Interface Guide for details. 

NOTE: The parameters detailed in the tables of Chapter 4 define starKianj capabiifties of the CL-GD7542 
when It IS used with the Cirois Logic Video BIOS. Consult with the appropnate BilOS vendor for infonna- 
tfon about the modes and parameters supported by those video BlOSes that are not from Cinus l^ic. 

4.1 Video Modes: CRT-Only 

This section lists IBM Standard VGA and Cirrus Logic Extended CRT-only video modes. 
4.1.1 IBM^ Standard VGA CRT-Only Video Modes 

The fBM^ Standanj VGA video BIOS supports the CRT-on)y video modes listed in Table 4->1. 
Table 4*1 . IBM^ SUndard VGA CRT-Onfy Video Modes 



1 Mode 
! Number 
(hex) 


Number 

of 
Colors 


Characters 

X 

Rows 


Character 
Cell 

(pixels) 


Screen 
Format 
(pixels) 


CHsplay 
Mode 


Video 

dodc 
(MHz) 


Hori- 
zontal 

(kHz) 


Vertleal 

Fre- 
qtieney 

(Hz) 


Min»* 
mum 
MCUC 
(MHz) 


I 0. 1 


16/256K 


40x25 


9x 16 


360 x 400 


Text 


28 


31^ 


70 


36 


2.3 


16/256K 


80x25 


9x 16 


720 x 400 


Text 


28 


31.5 


70 


36 


i 4.5 




40x25 


8x8 


320x200 


Graphics 


25 


31^ 


70 


36 


i 6 


2/256K 


80x25 


8x8 


640 x 200 


Graphics 


25 


31^ 


70 


36 


7 

1 


Mono. 


80x25 


9x 16 


720 x 400 


Text 


28 


31.5 


70 


36 


D 


1&256K 


40x25 


8x8 


320x200 


Graphiea 


25 


31.5 


70 


36 


£ 


1&2S6K 


80x25 


8x8 


640x200 


Graphics 


25 


31^ 


70 


36 


F 


Mono, 


80x25 


8x 14 


640x350 


Gfsphies 


25 


31*5 


70 


36 


10 




80x25 


8x 14 


640 x 350 


Graphics 


25 


31.5 


70 


36 


; n 


2/2bSK 


80x30 


6x 16 


640 x 480 


Graphtts 


25 


31.5 


60 


36 


^2 1 


1&256K 


80x30 


Bx 16 


640 x 480 


Graphics 


25 


31.5 


60 


36 


12* 


16/256K 


80 x 30 1 


Bx 16 


640 x 480 


Graphics 


31.5 


37.9 


72 


36 


13 1 


25&256K 


40 X 25 I 


6x8 


320x200 


Graphcs 


25 


31.5 


70 


36 



i Moaes aenoied by (a) are IBM* Siandanj VGA modes that have been enhanced by Cirrus Logic tor a higher 
venicai freouency. 
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4.1.2 Cirrus Logic Extended CRT*Only Video Modes 

The C\ms Logic video BIOS supports the extended CRT-only video modes listed in Table 4-2. (Columns 
one and two compare the hex number of the Cirrus Logic extended CRT-cnty video mode with the hex 
number of the equivalent VESA CRT-onfy video mode.) 

• If the BlOP used is not the Cirrus Logic BIOS, modes may differ, 

• Some video modes are not supported by all monitors. 

For the monitor type that is selected, the best-quality vertical refresh rate will be used automatically. 

Table 4-2. Cirrus Logic Extended CRT-Only Video Modes 





Mode 

No. 
(hex) 


VESA 
No. 
(hex) 


Number 

of 
Colors 


Chareeters 
X 

Rows 


Celt 
(pixeis) 


Screen 
Format 
(pixels) 


Mode 


Video 
Cloek 
(MHz) 


HoriL 
(kHx) 


Vert 
Freq. 
(Hz) 


Min* 
MCLK 
(MHz)9 




11* 




2/256 


80x30 


6x 16 


640x480 


Qnphies 


31^ 


37.9 


7S* 


36 




12* 




1&2S6 


80x30 


8x16 


640x480 


Qnphics 


31,5 


37.9 


TV 


36 








1&256 


80x30 


8x 16 


640x480 


Griphies 


25 


31.5 


' 60 


36 


j IS'' 




1&256 


80x30 


6x 16 


640x480 


Gfsphics 


31^ 


37.9 


75 


36 


1 


- 1 1W56K 


132x25 


8x16 


1056x400 


Text 


41.5 


31.5 


70 


45 


\ ^ 


lOA 1 


1&256K 


132x43 


8x8 


1056 x 350 


Text 


41.5 


31.5 


70 


45 


i ^ 


109 1 


16/256K 


132x25 


8x 14 


1056x350 


T«xt 


41.5 


31.5 


70 


45 


1 58. 6A« 


102 1 


1&256K 


100x37 


dx 16 


800x600 


Graphics 


36 


35^ 


56 


40 


1 58, 6A 


102 1 


16?56K 


100x37 


8x 16 


800x600 


Graphics 


40 


37.8 


60 


40 


i' 56. SA { 


102 1 


1&256K 


100x37 


8x 16 


800 x 600 


G/aphJcs 


50 


48.1 


72 


45 


uxjo j 


I 


16/256K 


r 100x37 


8x 16 


800x600 


Graphics 


40 


37.8 


60 


40 


- ) 


i 


1&?S6K 


100x37 


8x 16 


600 x 600 


Graphcs 


50 


48.1 


75 


45 




103 1 


256/256K 


100x37 j 


6x 16 


800 x 600 


Graphcs 


36 


35.2 


56 


40 


I 5C 


103 1 


25&256K 


100x37 


&x 16 


800 x 600 


Graphics 


40 


37.9 


60 


45 


1 5C 1 


103 1 


256^56K 


100x37 


6x 16 


800 x 600 


Graphcs 


50* 


48.1 


72 


40 


£D 1 


104 1 


1&^56K 


128x46 


ex 16 


1024x768 


Graphics 


65 


48.3 


60 


45 


5D^ 1 


104 j 


16^56K 


128x48 


8x 16 


1024 I 768 


Graphics 


44.9 


35.5 


87« 


40 


5D 1 


104 1 


l&'ZSeK 


128 x 48 1 


6 X 16 


1024x768 


Graphics 


75 


56 


70 


50 


5D ' 


104 j 


1&2S6K 1 


126x48 1 


8x 16 


1024x768 


Graphcs 


77 


58 


75 


50 






i&^seK 1 


126x48 1 


8x 16' I 


1024x768 


Graphcs 


65 


48.3 


60 


45 






i&^seK 1 


126x48 1 


6x 16 { 


1024x 768 


Graphcs 


77 


58 


75 


50 




100 


256.256K ( 


80x25 


6x 16 1 


640x400 


Graphcs 


25 


31.5 


70 


36 




101 \ 




60x30 1 


8x16 1 


640 x 480 


Graphcs 


25 


31.5 


60 


36 


s? 


101 i 


2&&256K 1 


80 x 30 { 


8x 16 ] 


640x480 


Graphcs 


31.5 


37.9 


72 


36 


60- 


105 1 


25&756K 1 


126 x 48 j 


6x 16 


1024 x768 


Graphcs 


44.9 


35.5 


8r= 


40 


6C 


105 1 


2S&7S6K j 


128x48 i 


6x 16 I 


1024x768 


Graphcs 


65 


48.3 


60 


45 


• 6: 


105 i 


256.'256K j 


128x48 1 


6x 16 1 


1024x768 


Graphcs 


75 


56 


70 


50 
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Table 4-2. Cirrus Logic Extended CRT-Oniy Video Modes (Continued) 



Mode 

No. 
(hex) 


VESA 
No. 
(hex) 


Number 

of 
Colors 


Characters 

X 

Rows 


Chars. 
Call 

iP'Xew; 


III 


Display 
Mode 


Video 
Dock 
lMnzi 


Horiz. 
FreQ. 


Vert 
fraq. 


Min. 
MCLK 


60 


105 


2BB/Z5$K 


126 X 4a 


8x 16 


1024x768 


Graphics 


77 


58 


75 


50 


64 


111 


64K 






640x480 


Qraphies 


25 


31.5 


60 


45 


64 


111 


64K 






640 x 480 


Qriphies 


31.5 


37.8 


75 


45 


es 


114 








800 x 600 


Ofaplucs 








v\ 

9W 


65 


114 


S4K 






800 x 600 


QiaphiGs 


40 


37,8 


60 


45 


66« 


110 


32K» 






640x480 


QripNes 


25 


31.5 


60 


45 


66« 


110 


32K» 






640 x 480 


Qraphies 


31 ii 


37.9 


. 75 


45 


S7* 


113 


32K» 






800x600 


Qrsphics 


36 


31,5 


56 


50 


6C* 


106 


16/256K 


160x64 


8x 16 


1280x1024 


Gfaphies 


75 


48 


87* 


50 


6C^ 






160x64 


ex 16 


1280x1024 


Qraphies 


75 


48 


87* 


50 


1 71 j 112 , 


leM 


80x30 


8x16 


640x480 


Qraphies 


25 


31.5 


60 


50 


1 74^ 1 - 


64K 






1024 x 768 


Qraphies 


44.9 


35.5 


S7<= 


45 


1 tbd' 1 - 




80x2S 


6x8 


640 x 200 


Text 


13.5 


tbd 


tbd 


45 


tDd' 1 


1fi^S6 


80x30 


ex 16 


640x480 


Qraphies 


13.5 


tPd 


tbd 


45 


2X3' 1 - 


25&256K 


80x30 


8x 16 


640x480 


Graphics 


13,5 




tbd 


45 



a MoOes denoted by (a) are IBM® Standard VGA modes that have been enhanced by Cirrus Logc for a higher 
verticaJ frequency 

Modes denoted by (b) are 4-bit-per>pixei packed-puel modes, 
c All modes wrth (Vemcal Frequency « 67 Hz) are interlaced modes. 

d Application programs should use mode 6A. rather than mode 58. to retain compatibility with other VGA BIOS 
produas 

e Modes denoted by (e) are true<olor packed-ptxet nr>ode. 

f Modes denoted by (f) are mtertaoed riKXtes tor NTSC-OUT fur>ctions. 

g The value of the minimum MCLK frequency deftr>ed in this column defines the lowest dock frequency at whrch 
me controller may be mn without any adverse effects to the function of the contfoiler. Bener berKhmark perlor* 
rriance may be achieved with an MCLK frequer^cy other than the frequency specified in this column. 

n Tnese modes are NOT available when the controller is operated with a core VDD of 3.3VDC. For the fuli opera- 
i.onai range oi tne clocks at 3.3VOC. refer to Criapter 7. (or the elecrncal specrfication section of this document. 
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4.2 Vid«o Modes: LCD Only 

This section lists IBM Standard VGA and Cirrus Logic Extended LCD-only video modes. 
4^.1 IBM* Standard VQA LCD-Only Video Modes 

The IBM* Standard VGA BIOS supports the LCD-only video modes listed in Table 4-3. 
Table 4-3. IBM* Standard VGA LCD-Only Video Mode* 



Mod* 

No. 
(hex) 


Mono. 
STN 
No. of 
ShadM 


Color 
STN 
Naof 
Colors 


Color 
TFT 
No. or 
Colors 


Chsrsetsrs 

X 

Rows 


Chsrsctsr 

Csll 
(pixsis) 


Pormst 


Display 
Mods 


Expsndsd 
PsnsI 

(pixsis) 


0.1 


16^16 


16/256K 


16/256K 


40x25 


8x16 


360 x 400 


Tsxt 


640x475 


2.3 


16^16 


16r256K 


16/256K 


aox25 


8x16 


720 x 400 


Tsitt 


36 


4,5 


4/S4 




4/256K 


40x25 


8x8 


320x200 


QfsptMcs 


36 


6 


2/16 


2/2S6K 


2/2S6K 


60x25 


8x8 


540x200 


Qrsphics 


36 


7 


2/16 


Mono. 


Mono. 


80x25 


8x16 


720x400 


Text 


36 


D 


16^ 


1Gr256K 


16/256K 


40x25 


8x8 


320x200 


Qrsphtts 


36 


E 


i&'ie 


16/256K 


16i/256K 


80x25 


8x8 


640x200 


Grsphice 


36 


F 


2/16 


Mono, 


Mono. 


80x25 


8x14 


640x350 


Qrsphct 


36 


10 


1&16 


1&256K 


16/256K 


80x25 


6x14 


640x350 


GfSptttcs 


36 


11 


2/16 


2^56K 


2^56K 


80x30 


8x16 


640x480 


Graphics 


640x460 


12 


16/16 


1&256K 


1&/S56K 


80x30 


8X16 


640x480 


Graphics 


640x480 


13 


64/2 56K 


256/256K 


25&256K 


40x25 


8x8 


320x200 GnphKs 


640x475 
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4.2.2 Cirrus Logic Extended LCD-Only Video Modes 



The extended LCD-only video modes listed in Table 4-4 are supported by the Cinojs Logic video BIOS. 
(Columns one and two compare the hex number of the Cimjs Logic extended LCD-only video mode with 
the hex number of the equivalent VESA LCD-only video mode.) 

• If the BIOS used is not the Cirrus Logic BIOS, modes may differ. 

• Some video modes are not supported by all monitors. 

• For the monitor type that is selected, the best-duality vertical refresh rate will be used automaticatly. 
Table 4^. Cirrus Logic Extended LCD^nly Video Modes 



Mode 
No. 
(hex) 


VESA 
No. 
(hex) 


Number 

of 
Colors 


Characters 

X 

Rows 


Chars. 

Cell 
(pixels) 


Scfsen 
Format 
(pixels) 


Qrsphies 
ranei 


Video 
Clock 
(MHi) 


Horiz. 
Frec|. 
(idte) 


Vert 
Frsq. 

(Hz) 


MIn. 
MCLK 


ie« 




16/256K 


80x30 


8x16 


640x480 


STWTFT 


31.5 


tbd 


tbd 


36 


58. fiA** 


102 


1&2S6K 


100x37 


8x16 


800 x 600 


STN/TFT 


40 


tbd 


tbd 


40 


17 




16ffi6K 


100x37 


8x16 


800x600 


STN/TFT 


50 




tbd 


45 


5C 


103 


256/256K 


100x37 


8x16 


800 x 600 


STK/TFT 


40 


tbd 


tbd 


40 


SB 


100 


256/256K 


80x25 


8x16 


640x400 


STNTTFT 


25 


M 


tbd 


36 


Sf 


101 


2SWS6K 


60x30 


8x16 


640x480 


STN/TFT 


31.5 


tbd 


tbd 


36 


64 


111 


64K 






640x480 


TFT 


25 


tbd 


tbd 


SO 


65 


114 


64K 






800x600 


TFT 


36 


tbd 


tbd 


50 


; ^ 


110 


32K« 






640x480 


TFT 


25 


tbd 


tbd 


50 


1 


113 


32K« 






800 x 600 


TFT 


36 


tbd 


tbd 


50 


7T 


112 


16M 


80x30 


8x16 


640x460 


TFT 


25 


tbd 


tbd 


50 



a. Modes denoted by (a) are 4-bit*per-ptxel packed-pixel modes. 

b Apptcation programs shoukl use mode 6A. rather than mode 56. to retam oompatlbitrty wrth other VGA BIOS 
products. 

c Modes denoted by (c) are true-color packed-pixel mode. 

6 The value of the minimum MCLK frequency defined in this column defines the lowest ciock frequer>cy at which 
the contnoiler may be run without any adverse effects to the function of the controller. Better benchmark perfor- 
mance may be achieved with an MCLK frequency other than the frequency specified in this column. 
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4.3 Video Modes: SimuiSCAN 

This section lists IBM Standard VGA and Cirms Logic Extended SimuiSCAN video modes. 
4.3.1 IBM® Standard VGA SimuiSCAN Video Mode* 

The IBM® Standard VGA video BIOS supports the SimuiSCAN video modes listed in Table 4-5. 



Mode 

No. 
(hex) 


Mono. 
STN 
No. of 
Shades 


Color 
STN 
No. of 
Colors 


Color 
TFT 
No. of 
Colors 


Chsrsctsrs 

X 

Rows 


Charactsr 

Cell 
(pixels) 


Gcrsen 
Permat 
(ptxsis) 


Disf>l«y 
Mode 


Expended 
Psnel 
(pixels). 


0.1 


1&16 


16;/256K 


1G/256K 


40x25 


6x16 


360x400 


Text 


640 x 475 


2.3 


1&16 


^^/2S6K 


16/256K 


60x25 


6x16 


720x400 


T«d 


640 x 475 


4,5 


4/64 


4/256K 


4;256K 


40x25 


8x6 


320x200 


Qrsphjcs 


640 x 475 


6 


2/16 


2/256K 


2/256K 


60x25 


8x6 


640x200 


Graphics 


640 x 475 


1 7 


2/16 


Mono. 


Mono. 


80x25 


8x16 


720 x 400 


Text 


640x475 


D 


W64 


1&256K 


16/256K 


40x25 


8x8 


320 x 200 


Qraphio 


640x475 


E 


16^16 


16/256K 


1S/256K 


80x25 


8x6 


640x200 


Graphics 


640x475 


F 


2/16 


Mono. 


Mono. 


80x25 


8xU 


640x350 


Graphics 


640 x 475 


10 1 16'16 


1G/256K 


16.^56K 


80x25 


8x 14 


640x350 


Graphics 


640x475 


11 1 2/16 


2/256K 


.2/256K 


80x30 


8x16 


640x460 


Graphcs 


640x460 


12 1 16^16 


16/256K 


16/256K 


80x30 


8x16 


640x460 


Graphics 


640x460 


13 1 &4/256K 


256/256K 


2S6/256K 


40x25 


8x8 


320 x 200 


Graphics 


640x460 
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4.3.2 Cirrus Logic Extended SimulSCAN Video Modes 

The extended SimulSCAN video modes listed in Table 4-6 are supported by the Cirrus Logic video BIOS. 
(Columns one and two compare the hex number of the Cirrus Logic extended SimulSCAN video mode 
with the hex number of the equivalent VESA SimulSCAN video mode.) 

* If the BIOS used is not the Cimjs Logic BIOS, mod ts may differ. 

* Some video modes are not supported by al) monitors. 

* For the monitor type that is seleaed, the best-quality vertical refresh rate will be used automatically. 
Table 4-6. Cirrus Logic Extended SimulSCAN Video Modes 



Mode 
No. 
(hex) 


VESA 
No. 
(hex) 


Number 

of 
Colors 


Characters 
X 

Rows 


Chara. 

Cefi 
(pixels) 


Screen 
Format 
(pbcets) 


Graphics 
Panel 
Typ» 


Video 
Clock 
(MHx) 


Horiz. 
Frtq. 
(kHz) 


Vert 
Freq. 
(Hz) 


IMin. 
IMCLK 
(MHz)* 


16* 




16/256K 


80x30 


6x16 


640x480 


STN/TFT 


25 


ibd 


tbd 


40 


58. 6A^ 


102 


1Gr256K 


100x37 


ex 16 


800 x 600 


STNnrr 


40 


ibd 


tbd 


4$ 


17 






100 x 37 - 


8x16 


800 x 600 


STN/TFT 


40 


tbd 


tbd 


45 


5C 


1CX5 


25&256K 


100x37 


8x16 


800 x 600 


STN/TFT 


40 


tt>d 


tbd 


45 


5£ 


100 


25€;^S6K 


80x25 


8x16 


640x400 


STN/TFT 


25 


tbd 


tbd 


40 


i 


101 


2S6/2SBK 


80x30 


8x16 


640x480 


STN/TFT 


25 


tbd 


tbd 


45 


i 54 


111 


S4K 






640x480 


TFT 


25 


tM 


Ibd 


50 




114 


64K 






800 x 600 


TFT 


36 


tbd 


Ibd 


S(fi 


1 66"= 


110 








640x480 


TFT 


25 


1M 


tbd 


50 




113 








800x600 


TFT 


36 


tbd 


tbd 




I 112 


16M 1 80x30 


8x 16 


640 x 480 


TFT 


25' 


tbd 


Ibd 


scfi 



a Modes denoted by (a) are 4-6it-per-paet packed-pixel modes. 

b Applcatfon programs should use mode 6A. rather than mode 58. to retain oompatibtfity with other VGA BIOS 

products. 

c Modes denoted by (c) are true-ooior packed-pixel mode. 

d Modes denoted by (d) tndcate that dual-scan color LCDs do not support SimulSCAN on these modes. 

e The value of the minimum MCLK frequency defined in this column defines the towest dock frequency at which 
tne controller may be run without any adverse eflects to the function of the controller. Bener benchmark perlor- 
mance may be achieved w»ih an MCLK *requency other than the frequency specified in this column. 

) These mooes are NOT available when the controller ts operated with a core VDD of 3.3VDC. For the full opera- 
i:onai range of the clocks at 3.3VDC, refer to the Electncal Specification section of this document. 
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Table 5-1. VGA Register Port Map 





Addrsss 


Port 


Port Type 




94 


rus lUZ Access control (3Co dmp) 






102 


ros luZ HeQister 






3B4 


CRT Controller Index — Monochrocne 


new T T 1 1 w 




3B5 


CRT CoRtroOer Data Monochronte 


nowQrwme 




38A 


Feature Control Mortochrome 


Vf ihV 




inpui shsius He9»*vr 1 ^ Monocnrome 






3C0 


Annouie wonvotier inoex / uaia 


Writ* 


! 


3C1 


ARnDuie woniroiier inoex / uaia 






3C2 


Miscellaneous Output 








Input Status Regster 0 






3C3 


Motherpoard Sleep 


R*ariAA/ntA 




3C4 


Sequencer index 


neBQr VTi 110 




3C5 1 


Sequencer Data 


neaorvvnte 




3C6 


Yideo DAC PixH MasK (RAV). Hidden DAC Register 


Heacvwrtte 


3C7 

f 


Pael Address Read mode 


Write 


DAC Slate 


Read 


{ 3C8 


Pixel MasJt Wnte Mode 


ReadWrite 


1 3C9 


Pixet Data 


Read/Wrtte 


3CA 


Feature Control Readback 


Read 


xc 


Miscellaneous Output Readback 


Read 


3CE 1 GfBphrcs Comroiter Index 


Read/Wme 


3C" 1 Graphics Controller Data 


Read/Wnte 




304 


CRT Controller Index — Color 


ReadAVrrte 




3D5 i 


CRT Controller Data — Color 


Read^nte 




3DA 


Feature Control — Color 


wme 






tnout Status Register i — Color 


Read 




46ES 


Adapter Sleep 


Read/Wrrte 
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6. CL-GD7542 Registers 

6.1 Register Summary 

6.1.1 Introduction to Registers 

The registers in this chapter include standard VGA registers, as well as extension registers 
added by Cirrus Logic. 

6.1.2 Summary of External/General Registers in Section 6Ji 



The External and General Registers In the CL-GD7542 are summarized in the following table: 



Abbreviation 


Register Name 


Index Port 


Pegs 


MISC 


Miscellaneous Output Register 


3C2 (Write) 


103 


M15C 


Miscellaneous Output Register 


3CC (Read) 


103 


FC 


Feature Control Register 


3?A (Write) 


106 


FC 


Feature Control Register 


3CA (Read) 


106 


FEAT . 


Input Status Register 0 


3C2. 


107 


STAT 


Input Status Register 1 


37A 


108 


3C3 


S)eep*Mode Register 


3C3 


112 


3C6 


Pixef Mask Register 


— 3C6 


110 


3C7 


Ptxef Address Read Mode Register 


3C7 (Write) 


111 


3C7 


DAC State Register 


3C7 (Read) 


112 


3C8 


Pixel Address Write Mode Register 


3C8 


113 


3C9 


Pixel Data Register 


3C9 


114 


PClOO 


PCI Devce/Veodor 10 Register 


00 


115 


PC (04 


PCI Command Register 


04 


116 


PCI04 


PCI Status Register 


04 


117 


PCI10 


PCI Base Address Register 


10 


118 


PCI3C 


PCI Interrupt Une and Interrupt Pin Register 


3C 


119 


46E8 


AJtemate Sleep-Mode Register 


46E8 


112 



NOTE: '?* in the above regster addresses is '6' in Monochrome Mode and 'D* in Color Mode. 



6.1.3 Summary of Sequencer Registers in Section 6.3 



The CL-GD7S42 Sequencer Registers are summarized in the following table. Note that there are 
Extension Registers that are accessed using the Sequencer Ports. 



Abbreviation 


Register Name 


Index 


Port Page 


SRX 


Sequencer mdex Register 




3C4 123 


SRO 


Reset Register 


0 


3C5 125 


SR1 


Clocking Mode Register 


1 


3C5 126 


SR2 


Plane Mask Register 


2 


3C5 128 


SR3 


Character Map Select Register 


3 


3C5 129 


SR4 


Memory Mode Register 


4 


3C5 131 
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6.1.4 Summary Of CRT Controller Registers In Section 6.4 

The CL-GD7542 VGA CRT Controller Registers are summarized in the following table. Note that 
there are Extension Registers that are accessed using the VGA CRT Controller Ports. 



".CIS 

• ri 



Abbreviation • 


Register Name 


Index 


Port 


Page 


CRX 


CRTC Irxlex Register 






135 


CRO 


Honzontai TOtai negtsier 


n 

w 


3?5 


136 


CR1 


Honzontai Display bnd negisier 


1 

1 


3?5 


139 


CR2 


Honzontai Btannng Stan Register 


*> 


3?5 


140 


CR3 


Honzontai Dianiong cna negisier 


3 


3?5 


141 


CR4 


Honzontai Sync Stan negister 


4 


3?5 


143 


CR5 


Honzontai sync cno negister 


5 


3?5 


144 


CR6 


Vertica] Totai negster 


e 


375 


146 


CR7 


Overflow Register 


7 


3?5 


147 


CR8 


Screen A Preset now scan negister 






146 


Cn9 


wnBrener ^911 neiym ne^iawi 


9 


375 


149 


CRA 


Text Cursor Start Register 


A 


375 


150 


ORB 


Text Cursor End Register 


B 


375 


151 


ORG 


Screen A Stan Address High Register 


C 


375 


152 


CRD 


Screen A Start Address Low Register . 


D 


375 


153 


CRE 


Text Cursor Location High Register 


E 


375 


1S4 


CRF 


Text Cursor Location Low Register 


F 


375 


155 


CR10 


Vertical Sync Stan Register 


10 


375 


156 


CR11 


Vertcal Sync End Register 


11 


375 


157 


CR12 


Vertical Display End Register 


12 


375 


159 


CR13 


Offset Register 


13 


375 


160 


CR14 


Undertir>e Row Scanline Register 


14 


375 


161 


CR15 


Vertical Blanking Stan Register 


15 


375 


162 


CR16 


Vertical Blanking End Register 


16 


375 


163 


CR17 


Mode Control Register 


17 


375 


164 


CR18 


Une Compare Register 


18 


375 


166 


CR22 


Graphics Data Latches Read-back Register 


22 


375 


167 


CR24 


Anribute Controller Toggle Read-back Register 


24 


375 


168 


CR26 


Anribute Controller Index Read-back Register 


26 


375 


169 



NOTE: in the above register addresses is 'B' m Mor^ocnrome Mode and '0* in Color Mode. 
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6*1.5 Summary of Qraphtes Controller Registart in Saetlon 6.5 



The CL*GD7542 Graphics Controiier Registers are summarized In the foflowing table. Note that 
there are Extension Registers that are accessed using the Graphics Controller Port 



Abbreviation 


Regiater Name 


Index 


Port 


Page 


GRX 


Graphics Controller index Register 




3CE 


1 /4 


GRO 


Set/Reset Register 


0 


3CF 


If A 
1 /4 


QR1 


Set/Reset Enable Register 


1 


3CF 


1 Jo 


GR2 


Color Compare Register 


2 


3CF 


I/O 


GR3 


Data Rotate Register 


3 


3CF 


177 


GR4 


Read Map Seiect Register 


4- 


3CF 


178 


GR5 


Mode Register 


5 


3CF 


179 


GR6 


Miscellaneous Register 


6 


3CF 


183 


GR7 


Color Ooni Care Register 


7 


3CF 


184 


GR8 


Bit Mask Rtt^tiBT 


6 


3CF 


185 


€.1.6 Summary of Attribute Controller Registers in Section 6.6 








The CL-GD7542 Attribute Controller Registers are summarized In the Mtowing table: 




Abbreviation 


Register Name 


index 


Port 


Page 


ARX 


Attnbute Controller Index Register 




3Ca3C1 


189 


ARO-ARF 


Attnbute Controller Pa)ette Registers 


0:F 


3CQ/3C1 


190 


AR10 


Attnbute Controller Mode Register 


10 


3CQ/3C1 


191 


AR11 


Overscan (Bortter) Color Register 


t1 


3CQ/3C1 


193 


AR12 


Color Plane Enable Register 


12 


3C(V3C1 


194 


AR13 


Pixel Panning Register 


13 


3CQ/3C1 


196 


AR14 


Color Select Register 


U 


3Ca/3C1 


197 
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6.1.7 Summary of Extension Registers in Section 6.7 

The CbQD7542 Extension Registers are summarized in the following table: 



Abbreviation Register Name 




Port 


Pa HA 


wno 


Unlock All &rtAnfiionfi R Mister 


6 


3C5 


201 


on f 




7 


3C5 


202 






B 


3C5 


205 






9 


3C5 


206 


QRA 




A 


3C5 


206 


SRR 




B 


3C5 


207 


SRC 


VCLK1 Numsrator RMister 


C 


3C5 


207 


SRD 


VCLX2 NurTMratar RMister 


0 


3C5 


207 


SRE 


VCLX3 Nufnsrator RMtster 


E 


3C5 


207 


SRF 


ORAM Control Register 


F 


3C5 


209 


SR10 


Graphics Cursor and Icon Horizontal Position Register 


10 


3C5 


211 


SR11 


Graphics Cursor and toon Vertical Position Register 


11 


3C5 


213 


SR12 


Video Data Path Control Register 


12 


3C5 


214 


SR13 


Graphics Cursor Panem Address Offset Register 


13 


3C5 


217 


SR14 


Scratch^Pad 2 Register 


14 


3C5 


218 


5R15 


Scratch*Pad 3 Register 


15 


3C5 


218 


SR16 


Performance Tuning Register 


16 


3C5 


219 


SR1S 


Sigrttture Generator Control Register 


18 


3C5 


221 




Signature Generator ResuR Low Byte Register 


19 


3C5 


223 


SR1A 


Signature Generator Resurt High Byte Register 


1A 


3C5 


224 


SRIB 


VCLKO Denominator and Post-ScaJar Value Register 


IB 


3C5 


225 


SR1C 


VCLK1 Denominator and Post-Scalar Value Register 


1C 


3C5 


225 


SR1D 


VCLK2 Denominator and Post-Scalar Value Register 


ID 


3C5 


225 


SR1E 


VCLK3 Denominator and Post-Scaiar Vaiue Register 


IE 


3C5 


225 


SR1F 


MCLX Frequency and VCLK Source Select Register 


IF 


3C5 


226 


SR20 


Miscellaneous Control Register 


20 


3C5 


227 


SR21 


DuaJ-scan Color Control Register 


21 


3C5 


228 


SR22 


Han^are Configuration Register 


22 


3C5 


229 


SR23 ' 


Software Configuratfon #1 Register 


23 


3C5 


231 


SR24 


LCD Type Switch and FC Enable Register 


24 


3C5 


233 


SR25 


Timer-Software Reset and Hardware Configuration Register 25 


3C5 


235 


5R2S 


Shader Signature — Least -Significant Byte 


26 


3C5 


237 


SR27 


Shader Signature — Most-Signrficam Byte 


27 


3C5 


238 


SR2A 


Haroware Icon #0 Control 


2A 


3C5 


239 


SR2B 


Hardware Icon ti Control 


2B 


3C5 


240 


SR2C 


Haroware Icon «2 and Misce(iar>eous PCI Control 


2C 


3C5 


242 


SR2D' 


Hardware Icon «3 and HIMEM Select Control 


2D 


3C5 


247 


SR2E 


Graphics -Cursor Honzontal-Posrtion Extension 


2£ 


3C5 


245 


SR2F 


HaW-Frame-Accelerator Thresnoid 


2F 


3C5 


247 
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6.1.7 Summary of Extension Registers in Section 6.7 (cont) 

The CL*GD7542 Extension Registers are summarized in me following table: 
Abbreviation Register Name Index Port 



GrapMc'ControUer Extension Registers 



Page 





GR9 


Offset Register 0 


9 


3CF 


246 




GRA 


Offset Register 1 


A 


3CF 


250 




GRB 


GfBphacs Controller Mode Extensions Register 


B 


3CF 


251 




GRC 


Coior Key Compare Register 


C 


3CF 


253 




GRO 


Color Key Compare Mask Register 


D 


3CF 


254 




GR£ 


PCI-Burst and Green-PC Control Register 


E - 


3CF 


256 




GR10 


16-bit Pixel Background Color High Byte Register 


10 


3CF 


257 




GR11 


16-bit Pbcel Foreground Color High Byte Register 


11 


3CF 


258 


J 


GR20 


BLT Width Low Register 


20 


3CF 


259 


f 


GR21 


BLT Width High Register . 


21 


3CF 


260 


H 


GR22 


BLT Height Low Register 


22 


3CF 


261 




GR23 


BLT Height High Register 


23 


3CF 


262 




GR24 


BLT Destirution Pitch Low Register 


24 


3CF 


263 




GR25 


BLT Destination Pitch High Register 


25 


3CF 


264 


SI [ 


GR26 


BLT Source Pitch Low Register 


26 


3CF 


265 




GR27 


BLT Source Prtch High Register 


27 


3CF 


266 




GR28 


BLT Destination Start Low Register 


28 


3CF 


267 




GR29 


BLT Destination Start Mid Register 


29 


3CF 


268 




GR2A 


BLT Destination Start High Register 


2A 


3CF 


269 




GR2C 


BLT Source Start Low Register 


2C 


3CF 


270 




GR2D 


BLT Source Stan Mid Register 


2D 


3CF 


271 




GR2E 


BLT Source Start High Register 


2£ 


3CF 


272 




GR30 


BLT Mode Register 


30 


3CF 


273 


IW - 


GR31 


BLT Stan/Status Register 


31 


3CF 


276 




GR32 


BLT Raster Operation Register 


32 


3CF 


277 




GR34 


BLT Transparent Color Select Low Register 


34 


3CF 


278 




GR35 


BLT Transparent Color Select High Register 


35 


3CF 


279 




GR38 


BLT Source Transparent Color Mask Low Register 


36 


3CF 


315 




GR39 


BLT Source Transparent Color Mask High Register 


39 


3CF 


281 
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6.1.7 Summary of Extension Registers in Section 6.7 (cont) 

Abbrevtstion Register Nsme Index Port Page 

Control Extension Registers 



a 6^ 



CR19 


Interlace End 


19 


375 


282 


CR1A 


Miscellaneous Control 


1A 


375 


263 


CRIB 


Extended Display Controls 


18 


375 


265 


CR10 


Overtay Mode Controls 


ID 


375 


287 


CR1E 


LCDShadIng 


1E 


375 


288 


CR1F 


LCD Modulation Control 


IF 


375 


290 


CR20 


Power Management 


20 


3?5 


292 


CR21 


Power-down Timers 


21 


3?5 


294 


CR23 


FPVCC. FPBU SUSPEND-Debounce Control 


23 


3?5 


296 


CR25 


MFQ Revision Register 


25 


3?5 


298 


CR27 


fO Register 


27 


3?5 


307 


CR29 


CL-G07542 Configuration Status 


29 


375 


308 


CR2C 


LCD Interface 


2C 


375 


301 


CR2D 


LCD Display Control 


2D 


3?5 


304 


CR2E 


High-resolution LCD Control 


2E 


3?5 


306 


CR2F 


Dmer% and 6105 Revision Register 


2F 


3?5 


307 


CR30 


TV-OLTT Control 


30 


3?5 


306 


Motion Videos Window (li^VW) Control Registers 








CR33 


MVW Honzontal XS and XW Overflow 


33 


3?5 


310 


CR34 


MVW Honzonia^Slart XS 


34 


3?5 


308 


CR35 


MVW Honzontal-Width XW 


35 


3?5 


312 


CR36 


MVW Verncal-Position High and YUV to RGB Convert 


36 


3?5 


313 


CR37 


MVW Verccal Posmon Start YS 


37 


3?5 


314 


CR38 


MVW Vertical Position End YE 


38 


3?5 


315 


CR39 


MVW Surrounding Address Offset 


39 


3?5 


316 


CR3A 


MVW Memory-Address Stan 


3A 


3?5 


317 


CR3B 


MVW Menwry.Address Offset 


38 


3?5 


318 




MVW Zoom, Enable ar>d Encoding Format 


3C 


3?5 


319 


CR3D 


MVW Honzontal Size 


3D 


3?5 


320 



NOTE: The m the aPove register address is 3' in Monochrome Mode and *D* in Color Mode. 
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6.1.7 Summary of Extension Registers in Section 6.7 (cont) 

Abbreviation Register Nsme tndex Pert Psge 



LCD HorizontahTlming Control RBgisten 



CR40 


LCD Hohzonta»-Display*Enabis Start - No Centering 


40 


3?5 


321 


CR41 


LCD HDE Start Register to Center 7L*0 Dots 


41 


3?5 


323 


CR42 


LCD HDE Start Register to Center 640 Dots 


42 


375 


324 


CR43 


LCD Dot-Clock Skew-Comrot 


43 


3?5 


325 


CR44 


LCD Horizontal-Width 


44 


375 


327 


CR47 


TFT Honzontal Position 


47 


375 


324 


CR48 


TFT-HSYNC and LCD-Height Overflow 


48 


375 


324 


CR49 


VeitKai Size for Upper-half of Dual-scan STN LCDs 


49 


375 


324 


CR4A 


Vertical Size for LCD LCDs 


4A 


375 


324 


CR4B 


Reserved for Scratch Pad 


4B 


375 


324 


CR4C 


Input-Resolution Override for Dithehng 


4C 


375 


324 


CR40 


Output Resolution for DHhering , 


4D 


375 


324 


CB4E 


MVA Input-Resolution Ovemde for Dithenng 


4E 


375 


337 


HDR 


Hidden DAC Register 




3C6 


339 



LCD Timing Registers 

R2X LFS Vertical Counter Value Compare (not centered) 

R3X LFS Vertical Counter Value Compare (centered) 

R4X LFS VertKaJ Counter Value Compare (centered) 

R5X LFS Vertical Counter Value Compare (centered) 

R6X Overflow (msb) Bits for LFS Signal Compare 

R7X LCD Signal Control for Color TFT LCDs 

R8X STN Color LCD Data Format 

R9X TFT LCD Data Format 

RBX Shade Conversion and Extra Line Qock Insert 

RCX LFS Vert)cal Position for 60&4jne Modes 

RDX LCD Tin^ng - LFS Verttcal Posttwn #6 

REX Overflow Bits for RCX and RDX 

Horizontei-nming Shadow Registers 

ROY Honzontal Timmg Shadow Register 

R2Y Honzontal Timmg Shadow Register 

R3Y Honzontal Timing Shadow Register 

R4Y Honzontal Timing Shadow Register 

R5Y Honzontal Timing Shadow Register 

R02 Honzontal Timing Shadow Register 

R2Z Honzontal Timing Shadow Register 

R3Z Honzonul Timing Shadow Register 

R4Z Honzontal Timing Shadow Register 

R5Z Honzontal Timing Shadow Register 

NOTES: The in the above register address is 3* in Monochrome Mode and 'D* in Color Mode. 
The RnX register are indexed through settings of CR2D. 

The R0Y-R5Y registers and the R02-R52 registers are indexed through settings of CR2C. 
Cirrus ConTiUentiul 
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2 


375 


343 


3 


375 


345 




375 


346 


5 


375 


347 


6 


375 


348 


7 


375 


350 


8 


375 


351 


9 


375 


352 


B 


375 


357 


C 


375 


354 


D 


375 


347 


E 


375 


357 


0 


375 


357 


2 


375 


357 


3 


375 


357 


4 


375 


357 


5 


375 


357 


0 


375 


357 


2 


375 


357 


3 


375 


357 


4 


375 


357 


5 


375 


357 
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6.2.1 MISC: Miscellaneous Output Register 

I/O Port Address: 3C2 (Write) 3CC (Read) 
Index: - 



Bit OescHptien Reset State 

7 Vertical Sync Polarity 0 

6 Horizontal Sync Polarity 0 

5 Page Select 0 

4 Reserved 

3 Clock Select [1] 0 

2 Clock Select [0] 0 

1 Enable Display Memory 0 

0 CRTC I/O Address 0 



This standard VGA register has an assortment of bits that have nothing in common. 



Bit 



Description 



Vertical Sync Polarity: 

When this bit is programmed to: 

• 0. Vertical Sync is normally low, and a high indicates beginning sync time. 

• 1 , Vertical Sync is normally high, and a k)w indicates beginning sync time. 

Horizontal Syne Polarity: 

• When this bit is programmed to: 

— 0, Honzontal Sync is normally low. 

A high indicates beginning sync time. 

— 1 . Honzontal Sync is nomially high, 
A low indicates beginning sync time. 

• For some monitors, the combirted polarity of Vertical and Horizontal Sync 
is used to indicate the number of scantines per frame, as shown in the table. 

• When Extension Register CR20[5] = 1 and MISC[7:6] s 00, the value of 
MISC[7:6] is redefined from Reserved to an 800 x 600 LCD. 



MISC 


VarUcal 
Size 

(Seanlines 
appearing 
on acraen) 


Vertical 
Overscan 

(Seanltnea 
appearing 
off acrean) 


Vertteal Totals 

(Verttcai Soa ^ 
Vartieal 
Overscan) 


m 

Vertical 
Sync 
Polartty 


16] 

Horizontal 
Sync 
Polarity 




. OW 


Reserved 


Reserved 


Reser^ 


0 (♦) j 1 H 


400 


14 


414 


1 (-) 


OH 


350 


12 


362 


1 (-) 


1 W 


430 


16 


496 



Continue0 on nexr page. 
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6^1 MISC: Miscellamous Output Register (cont) 
B\i Description 

5 Page Select: 

When SR4[2] (the odd/even bit of the Sequencer Memory Mode Register) is 1 . 
MISCfS] affects how dispiay memory addresses are selected. 

• When SR4[2] s: 1 . and .his bit s o, only odd memory locations are selected. 

• When SR4[2] s 1 . and this Mt s 1 « only even memory locations are selected. 

• This bit takes effect for video modes 6. D. E. 11 , and 12. 

• This bit is ignored if either of the following are tnie: 

— Graphics Controller Register GR6[1} « 1 . 

— Sequencer Register SR4[3] si. 



4 Reserved 

ii Clock Select: 

As shown in the following table, this field is used with Sequencer Register bits 
and Extension Register bits to choose a dock source for the CL-QD7542. 



SR22 


SR23 


MISC 


SR1F 


SR1E 


Clock Source to CL-GD7542 


[3] 


m 


[3] 


[21 


m 


roi 


0 


0 


0 


0 


0 


X 


SROB (N)/SR1B(D)* 


0^ 


X 


X 


X 


0 


X 


OSCtf TV-Out Enebied 


X 


X 


^ 


X 


1 


0 


MCLX 


X 


X 


X 


X 


1 


1 


MCLX*2* 


0 


0 


0 


1 


0 


X 


SROC (N)/S«1C(D)* 


0 


0 


1 


0 


0 


X 


SftOO(W)/SR1D(D}« 


0 


0 


1 


1 


0 


X 


SROE (N)/SR1E(D)* 


0 


1 


0 


X 


0 


X 


FCVCLKtoonlyOAC 


0 


1 


1 


X 


0 


X 


FCVCLK to both DAG and CRTC 


1 


1 


0 


X 


0 


X 


OSC(Pln) 



• These are Numerator/Denominator Registers. For Information on program- 
ming alternative frequenaes, refer to Appendix A7. 

^ Toje only if CR30[3] =1 and SR25[4] = 1. 
*=True only rf SRI 2[4)= 1. 

1 Enable Display Memory: 

When this bit is programmed to: 

• 0. the CL-GD7542 will not respond to any accesses to display memory. 

• 1 . the CL-GD7542 will respond normally to accesses to dispiay memory. 

Continued on next page. 
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62.1 MISC: Miscellaneous Output Register (cont.) 
Bit Description 



CRTC I/O Address: 

This bit selects either Monochrome or Color I/O addresses. 



MI5C[0] 


Mode 


Input Status / 
Feature Control 


CRTC Index 


CRTC Data 


0 


Monochrome 


3BA 


3B4 


3B5 


1 


Color 


3DA 


3Di 


305 
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6^.2 FC: Feature Control Register 

I/O Port Address: 3?A (Write) 3CA (Read) 
Index; - 



Bit 


Description 


7 


Reserved 


6 


Reserved 


5 


Reserved 


4 


Reserved 


3 


CRT VSYNC Control 


2 


Reserved 


1 


Reserved 


0 


Reserved 



Reset State 



0 



NOTE: in the above register addresses is 3' in Monochrome Mode artd 'D* in Color Mode. 
This register is one of the origir^l IBM PC registers. Nearty all the bits are no longer used. 
Bit Peecription 

7:4 Reserved ^ 

3 CRT VSYNC Control: 

This bit is normally used for CRTs that have a internal vertical display enable 
signal pin. Program this bit: 

• to 0 to keep the CRT VSYNC signal unchanged and to maintain \BM com- 
patibility. 

• to 1 to logically OR the CRT VSYNC signal with the CL-GD7542 internal 
vertical display enabl e signal pnor to going to the VSYNC pin. 

2.0 Reserved 
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6.2.3 FEAT: Input Status Register 0 

I/O Port Address: 3C2 
Index: - 



Bit Description Reset State 

7 Verticallnterrupt Request Peno.ng 0 

6 Reserved 

5 Resented 

4 DAC Switch Sensing 0 

3 Reserved 

2 Reserved 

1 Reserved 

0 Reserved 



The bits in this read-only register are nearly ail undefined. 
Bit Description 

7 Vertical Interrupt Request Pending: 

When this bit; 

• s: 1, there is a vertical interrupt request pending. 

• s 0« there is no vertical interrupt request pending. 

For more information on the CL-SD7542 vertical interrupt system, refer to 
CRT Controller Register CR1 1 . 

5 Reserved 

4 DAC Switch Sensing: 

This read-only bit is used to report the orvoff status of one of four analog com- 
parator RAMDAC sense switches, as selected by MtSC[3:2}. This bit: 

• s 1 when the selected DAC sense switch is on. 

• s 0 when the selected DAC sense switch is off. 

3:0 Reserved 
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6.2.4 STAT: Input Status Register 1 

I/O Port Address: 3?A 
Index: - 



Bit 


Description 


7 


Reserved 


6 


Reserved 


5 


Diagnostic [1] 


4 


Diagnostic (oj 


3 


Verticai Retrace 


2 


Reserved 


1 


Reserved 


0 


Video Display Enable 



Reset State 



0 
0 
0 



NOTE; 7' in the above register addresses is *B' in Monochrome Mode and *D* in Color Mode. 
This read-only register contains some status bits. 

Bit Description ^^^^^ 



7:6 



Reserved 



,5:4 



Diagnostic [1:0]: 

For diagnostic purposes, these bits indicate the state of two of the eight out- 
puts of the Attribute Controller Register AR12[5:4]. as indicated in the follow- 
ing table: 



AR12 


STAT 


[5] 


[4J 


[5] 


[4] 


0 


0 


FP[21 Red 


FF»(0]Blue 


0 


1 


FP[3) Sacondar/ Blue 


FP[1] Green 


1 


0 


FF[S) Secondary Red 


FP(4] Secondary Greert 


1 


1 




FP[61 



If the Attribute Controller Register AR12[3:21 or Extension Register CR1 A[3:2) 
set the FP[7:0) bits to act as inputs, the STAT[5:4] bits can reflect the input 
data on FPf/iO) 



Vertical Retrace: 

A 1 on this bit indicates that vertical retrace is in progress. 



2 1 



Reserved 



Video Display Enable: 

When this bit: 

• =0, video data bits are being serialized and displayed. 

• = 1 , vertical or honzontal blanking is active. 
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3C3 Steep Mode Register 

1/0 Port Address: 3C3 
lr)dex: - 



Bit Description Reset State 

7 Reserved 

6 Reserved 

5 Reserved 

4 Reserved 

3 Reserved 

2 Reserved 

1 Sleep Mode Readback 1 

0 Sleep Mode Write / ReadOack 1 



The CL*GD7542 may be put into the sleep mode in one of several ways. 

1. Sleep Mode Method 1: 

This 3C3 Sleep Mode Register is normal^ recommended for mothert>oard applicat>ons. 

2. Sleep Mode Method 2: 

When the S46 i M0[21] pin has an external puli-up resistor attached, the alternate Sleep 
Mode Register 48E8, Is selected. (The 3C3 Sleep Mode Register is then inactive.) 

3. Steep Mode Method 3: 

The sleep mode may also be activated when the SLEEP# input pin ts low. 



Bit 


Description 


7:2 


Reserved 


1 


Sleep Mode Readback: 




This bit is readonly. When 3C3[0]: 




• s 1. this bit is also 1. 




• s 0, this bit is also 0. 


0 


Sleep Mode Write / Readback: 



This read/wme bit is normally 1. When this bit: 

• s 1 , the CL-GD7S42 Is active and can respond to normal bus and display 
activTty, 



• - 0. the CL-GD7542 turns off the interface to the display memory, the inter- 
face to me CPU I/O. and the displays. 

• )s cleared to 0, no other chip accesses, except those to 3C3, are allowed 
unD[ this bit IS set to a 1 . 
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6.2.6 3C6 Pixel Mask Register 

I/O Port Address: 3C6 
Index: - 



Bit Oeseiiption 

7 Pixel Mask Register 

6 Pixel Mask Register 

5 Pixel Mask Register 

4 Pixel Mask Register 

3 Pixel Mask Register 

2 Pixel Mask Register 

1 Pixel Mask Register 

0 Pixel Mask Register 



Reset State 



Bit [7] 


0 


Bit [6] 


0 


Bit [5] 


0 


Bit 14] 


0 


Bit [3] 


0 


Bit [2] 


0 


Bit[1] 


0 


Bit[0] 


0 



The bits in this read-only register, form the Pixel Mask for the Palette DAC. Typically, the Cir- 
rus Logic BIOS progranrts alt these bits to 1. This same 3C6 address is used to access the 
Hidden DAC Register, described in this manual's Extension Registers (Section 6.7). 

Bit Description 

7:0 Pixel Mask [7:0]: 

This field IS the Pixel Mask for the Palette DAC. When a bit in this field is pro- 
grammed to 0, the corresponding bit in the pixel data is ignored in looking up 
an entry in the Color Lookup Table. 
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€.2.7 3C7: Pixel Address Read Mode Register (Write Only) 

I/O Port Address: 3C7 
Index: • 



Bit Description Reset SUte 

7 Pixel Address Bit (Read Mode) [7] 0 

6 Pixel Address Bit (Read Mode) [6] 0 

5 Pixel Address Bit (Read Mode) [5] 0 

4 Pixel Address Bit (Read Mode) [4] 0 

3 Pixel Address Bit (Read Mode) [3] 0 

2 Pixel Address Bit (Read Mode) [2] 0 

1 Pixel Address Bit (Read Mode) [1] 0 

0 Pixel Address Bit (Read Mode) (oj 0 



The bits in this write-only register form the Pixel Address (Read Mode) for the Palette DAC. 
This Pixel Address )s then used to specify the Color Lookup Table entry that is to be read. 

Bit Description 

7:0 Pixel Address (Resd Mode) [7:0]: 

This field ts the Pixel Address (Read Mode) for an entry In the Color Lookup 
Table. At the conduston of every third read of the Pixel Data Register (3C9), 
this address js incremented by one. 
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6.2.8 3C7: OAC SUte Register (Read Only) 
1/0 Port Address: 3C7 
Index: - 



Bit Description RMBt State 

7 Reserved 

6 Reserved 

5 Reserved 

4 Reserved 

3 Reserved 

2 Reserved 

1 DAC State [1] 0 

0 OAC State {0] 0 



The bits in this read-only register Indicate whether a read or a write to the Color Lookup Table 
occurred last. 

Bit Description 

7:2 Reserved ^_ 

1:0 DAC State [1:0]: 

This two-bit field indicates which pixel address register was accessed last. 

• Both bits in this field will always be the same digit 

• When the bits: 

— are 00, a write operation is in progress, meaning that the last accessed 
register for the Color Lookup Table was the Pixel Address Write 
Register. 

— are 11 , a read operation is in progress, meaning that the last accessed 
register for the Color Lookup Table was the Pixel Address Read 
Register. 
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6.2.9 3C8: Pixel Address Write Mode Register 

I/O Port Address: 3C8 
Index: - 



Bit Description Reset State 

7 Pixel Address Bit (Write Mode) [7] 0 

6 Pixel Address Bit (Wrtte Mode) [6] 0 

5 Pixel Address Bit (Write Mode) [5] 0 

4 Pixel Address Bit (Write Mode) [4] 0 

3 Pixel Address Bit (Write Mode) [3] 0 

2 Pixel Address Bit (Write Mode) [2] 0 

1 Pixel Address Bit (Wnte Mode) [1] 0 

0 Pixel Address Bit (Write Mode) [0] 0 



The bits in this registers form the Pixel Address (Write Mode) for the Palette DAC. This Pixel 
Address is then used to specify the Color Lookup Table entry that is to t>e written. 

Bit Description 

7:0 Pixel Address (Write Mode) [7:0]: 

This field is the Pixel Address (Write Mode) for an entry in the Color Lookup 
Table. At the conclusion of every third write to the Pixel Data Register (3C9). 
this address is incremented by one. 
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6.2.10 3C9: Pixel Data Register 

I/O Port Address: 3C9 



Index: - 



Bit 

7 
6 
5 

3 
2 



Description 



Reset State 



0 



Pixel Data Register Bit f7] 
Pixel Data Register Bit [6] 
Pixel Data Register Bit [5] 
Pixel Data Register Bit [4] 
Pixel Data Register Bit [3] 
Pixel Data Register Bit [2] 
Pixel Data Register Bit [1] 
Pixel Data Register Bit [oj 



0 
0 
0 
0 
0 
0 
0 
0 



This register contains the Pixel Data for the palette DAC. 
Bit Descriptjon 



7:0 Pixel Data [7:0J: 



These readAvnte register bits store the Pixel Data for the Palette DAC. 
Writing to this register. 

• Pnor to writing to this regtster, register 3C8 (the Pixel Address Write Mode 
Register) is written with the first or only pixel address. 

• Three values, corresponding to the Red. Green, and Blue values for the pix- 
el, are then wntten to this address. 

• Following the third write, values are transfen'ed to the Color Loolcup Table. 

• The Pixel Address is incremented, in case r^ew values for the next pixel ad- 
dress are to be wntten. 

Reading from this register. 

• Prior to reading from this register, register 3C7 (the Pixel Address Read 
Mode Register) is wntten wrth the first or only pixel address. 

• Three values, corresponding to the Red, Green, and Blue values for the pix- 
el, are then read from this address. 

• Following the third read, the Pixel Address is incremented, in case new val- 
ues for the next pixel address are to be read. 
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6.2.11 PClOO: PCI Device ID / PCI Vendor ID Register 

PCI Configuration Address: 00 Index: ^ 





Bn 


Description 


Reset 1 




31 


PCf Device ID [15] 


0 




30 


PCI Device ID [14] 


0 




29 


PCI Device (D (13) 


0 




28 


PCI Device© (12J 


1 




27 


PCt Device ID [11] 


0 




26 


PC! Device ID [10] 


0 




25 


PCI Device ID [9] 


1 




24 


PCI Device ID [8] 


0 




23 


PCI Device ID [71 


0 




22 


PCI Device ID [6] 


0 




21 


PCI Device ID [5] 


0 


Q ] 


20 


PCI Device ID [4] 


0 




19 


PCI Device ID [3] 


0 


|ii 


18 


PCI Device ID [2] 


0 


* 




Kwi uevioe IL/ pj 






16 


PCI Device ID [0] 


0 




15 


PCI Vendor 10(15] 


0 




14 


PCI Vendor ID [14] 


0 




13 


PCI Vendor ID [13] 


0 


12 


PCI Vendor ID [12] 


1 




11 


PCI Vendor ID [11] 


0 




10 


PCI Vendor ID [10] 


0 




9 


PCI Vendor ID [9] 


0 




8 


PCI Vendor ID [8J 


0 




7 


PCI Vendor ID [7] 


0 




6 


PCI Vendor ID [6J 


0 




5 


PCI Vendor ID [5] 


0 


# 


4 


PCI Vendor ID [4J 


1 




3 


PCI Vendor ID [3] 


0 




2 


PCI Vendor ID [2] 


0 




1 


PCI Vendor ID [1] 


1 




0 


PCI Vendor ID [0] 


1 



Gmu CbnTidenttAl 
Businets loformatioQ 



This register ts accessible and effective only if me CL-QD7542 is configured for PCI bus. 
ti contains the PCI Device ID and the PCI Vendor ID required for PCI compliance. 



Bit Description 



31 16 PCI Device ID [15:0]: 

When the CL-GD7542 is configured for PCI bus, this read-only field returns 
1200 hex, the PCI device ID assigned to the CL'GD7 S42 by Cirrus Logic, Inc. 

iTo PCI Vendor ID [15:0): 

When the CL-GD7542 is configured for PCI bus. this read-only field returns 
1013 hex, the PCI vendor ID assigned to Cirrus Logic. Inc. by the PCI Special 
Interest Group. 
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6.2.12 PC104: PCI Command Register 

PCI Configuration Address: 04 . Index:- 



Bit 


Description 


15 


Reserved 


14 


Reserved 


13 


Reserved 


12 


Reserved 


11 


Reserved 


10 


Reserved 


9 


Reserved 


8 


Reserved 


7 


Reserved 


6 


Reserved 


5 


Enable PCI OAC Shadowing 


4 


Reserved 


3 


Resers^ed 


2 


Reserved 


1 


Enable Memory Accesses 


0 


Enable 1/0 Accesses 



This 16-brt register ts accessible and effective only if the CL-GD7542 is configured for PCI 
Bus. It consists of the least-significant two bytes of the PCI Status / PCI Command Register. 

Bit Description 

1 5:6 Resen/ed: These bits are reserved and must be programmed to a 0. 

5 Enable PCI DAC Shadowing: 

When .the CL-GD7542 is configured tor PCI Bus and this bit is programmed to 
a 1: 

• PCI DAC shadowing Is enabled. 

• Read accesses are executed normally. 

« Write accesses to the CL-GD7542 are executed, in that data bits are 
latched in the appropnate Palette Register. However, the CL-GD7542 will 
not acknowledge the access. 

4 .2 Reserved: These bits are reserved and must be programmed to a 0. 

^ Enable Memory Accesses: 

When the CL-GD7542 is configured for PCI Btis and this bit is programmed to: 

• 1 . memory accesses are enabled on the CL-G07542, 

• 0. memory accesses are not enabled on the CL-GD7542. 

0 Enable I/O Accesses: 

When the CL-GD7542 is configured for PCI Bus and this bit is programmed to: 

• 1 . i/0 accesses are enabled on the CL-GD7542. 

• 0. I/O accesses are not enabled on the CL-GD7542. 

Regardless of state of, this bit. 1/0 accesses to PCI configuration registers 
(PC100, PC104. PC110. and PC13C) are always enabled. 
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6.2.13 PC104: PCI Status Register 

PCt Configuration Address: 04 
Index: • 



Bit 


Description 


31 


Reserved 


30 


Reserved 


29 


Reserved 


28 


Reserved 


27 


Reserved 


26 


OEVSEL# Timing [1] 


25 


DEVSEU Timing (0] 


24 


Reserved 


23 


Reserved 


22 


Reserved 


21 


Reserved 


20 


Reserved 


19 


Reserved 


18 


Reserved 


17 


Reserved 


16 


Reserved 



This 16-bit register, wriich is accessible and effective only if the CL-QD7542 is configured for 
PCI Bus, consists of the most-significant two bytes of the PCI Status / PCI Command Regis- 



ter. 




Bit 


Description 


31.27 


Reserved 


26.25 


DEVSEL# Timing 11:0]: 




When the CL-GD7542 is configured for PCI bus. this read-only field aiways 




returns the value 00 to indicate fast DEVSEL# timing. 


24 16 


Reserved 
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6.2.14 PCI10: PCI Base Address Register 

PCI Configuration Address: 10 Hex 



Index: - 






Bit 


Description 


Reset! 


31 


PCI Base Address for Display Memory [31] 


0 


30 


PCI Base Address for Display Memory [30] 


0 


29 


PCI Base Address for Display Memory [29] 


0 


28 


PCI Base Address for Display Memory [28] 


0 


27 


PCI Base Address for Display Memory [27] 


0 


26 


PCI Base Address for Display Memory [26] 


0 


25 


PCI Base Address for Display Memory [25] 


0 


24 


PCI Base Address for Display Memory [24] 


0 


23:1 


Reserved 




0 


Memory / 1/0 Indicator 


0 



This 32-bit register, which is accessible arid effective only when the CL-GD7542 is cor^figured 
for PCI bus. contains the PCI Base Address for display memory. 

Bit Description 

31 :24 PCI Base Address for Display Memofy [31:24]: 

When the CL-GD7542 is configured for PCI bus. this field contains the base 
address of the contiguous 16-Mbyte display memory block reserved for the 
CL-GD7542. 

23:1 Reserved 

0 Memory / I/O Indicator: 

When the CL-GD7&42 is configured for PCI bus, this bit is used to indicate the 
type of address space requested, either memory or I/O. 

• When this bit: 

— iS 0, a memory address space is requested. 

— is 1 , an I/O address space is requested. 

• For the PCI BIOS, this bit is read^rte. 

• For the VGA BIOS, this bit is read only. 
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6^15 PC13C: PCI Interrupt Pin and PCI Interrupt Line Register 

PCI Configuration Address: 3C Hex 
Index: - 



Bit 


Description 


Reset! 


15 


PCI Interrupt Pin f7] 


0 


14 


PCI Interrupt Pin [6] 


0 


13 


PCI Interrupt Pin (5] 


0 


12 


PCI mtemipt Pin [4] 


0 


11 


PCI Interrupt Pin [3] 


0 


10 


PCI Interrupt Pin (2) 


0 


9 


PCI Interrupt Pin [1] 


0 


8 


PCI Interrupt Pin [o] 


1 


7 


PCI interrupt Une [7] 


0 


6 


PCS Intermpt Line [6] 


0 


5 


PCMnterrupt Line (5) 


0 


4 


PCI Interrupt Line {4] 


0 


3 


PCI Interrupt Line [3] 


0 


2 . 


PCI Intenupt Une [2] 


0 


1 


PCI Intenrupt Line (1 j 


0 


0 


PCI Interrupt Une (oj 


0 



This register, which is accessible and effective only when the CL*G07542 is configured for 
PCI bus, contains data from the PCI Interrupt Pin and PCI Interrupt Une. 

Btt Description 

Til PCI Interrupt Pin [7:0J: 

When the CL-GD7&42 is configured for PCt bus. this read-only field contains 
the value 01 hex. This value indicates the CL-GD7542 INTR# intemipt request 
pin is connected to the PCI Bus lf^A# interrupt request pin. 

7*0 PCI fntemipt Une [7:0]: 

When the CL-GD7542 is configured for PCI bus, this read/write field contains 
an S-bft value thai has no direct effect on the CL-GD7542. This field is used to 
transfer an interrupt pointer from the PCI system BIOS to the CL-GD7542 
VGA BIOS. 
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6.2.16 46E8 Alternate Sleep Mode Register 

I/O Port Address: 46E8 
Index; - 



Bit Description Reset State 

7 Reserved 

6 Reserved 

5 Reserved 

4 Reserved 

3 Attemate Sleep Mode Select 1 

2 Reserved 

1 Reserved 

0 Reserved 



This register is active onty when the following two conditions are both filled: 

1 . There is a low-to-high transition of the Reset# signal. 

2. There is an external pull-up resistor on the S46/M0[21] pin, which disables the 3C3 
Sleep Mode Register. 

Unless both conditions are filled, register 3C3 is the sleep mode register. 

Bit Description 
7:4 Reserved 

3 Alternate Sleep Mode Select: 

When there is a pulUup resistor on the CL-GD7542 pin S46 / MD[21]. and 
when this bit: 

• is 1,theCL-GD7542: 

— is enabled. 

— can respond to normal bus and video display activity. 

• is 0, the CL-GD7542: 

— ts disabled and will not affect the video display activity. 

— will respond normally to BIOS access. 

^ will not respond to accesses to I/O, except to those addressed to 46E8. 

— will not respond to any accesses to display memory. 



2 0 Reserved 
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6.3.1 SRX: Sequencer index Register 

I/O Port Address: 3C4 



Index: - 



Bit 

7 
6 
5 



Description 

Fine Position HW Cursor and HVV icon [2] 
Fine Position HW Cursor and HW Icon [1] 
Fine Position HW Cursor and HW loon [0] / 



Reset State 

0 
0 



4 
3 
2 



0 



Sequencer Index [5] 
Sequencer Index [4} 
Sequencer Index [3] 
Sequencer Index [2] 
Sequencer Index [1] 
Sequencer Index [0] 



0 
0 
0 
0 
0 
0 



Depending on this register's index value, this register has one of two possible purposes: 
1 The primary purpose ts to extend the sequencer index from 3 bits to 6 bits. The index 
specifies which register in the CL-GD7542 sequencer block is to be accessed by the next 
1/0 read or wrrte to Address 3C5. An index numt>er greater than 5 points to registers that 
are defined in this manual's Extension Registers in section 6.7. 
2. The secondary purpose is to specify the fine position of the hardware cursor and the hard- 
ware icon, both horizontal and vertical. 

Bit Description 

7:5 Fine Position^ for Hardware Cursor and Hardware Icon: 



Vertical Fine Position for Hardware Cursor and Hardware Icon [2:0]: 
When Extension Register SR11 is programmed, bits SRX[7:51 define in scan- 
lines the vertical fine posrtton of the hardware cursor and icon. 

Horizontal Rne Position for Hardware Cursor and Hardware Icon [2:0]: 
When Extension Register SRIO is programmed, bits SRXTTrS) define in dot 
dodcs (pixels) the horizontal fine position of the hardware cursor and icon. 

For speoaJ modes requiring extra dot docks for fine position adjustments, a 
fourth, most-sign/ficant bit has been added to Attribute Controller Registers 
SR2E and SR2A. 

• Hardware Cursor Bit: Extension Register SR2E[0] 

— For the honzontal fine position of the hardware cursor, SR2E[0] is an 
added founh and most^significant bit. 

» Thts bit IS used in honzontaJly es^nded graphics modes. 

• Hardware icon Bit Extension Register SR2A[6] 

— For the honzontal fine position of the hardware icon, SR2A[6) is an 
added fourth and most-significant bit. 

— This bit is used in honzontally expanded graphics modes and tor text 
modes with 9-do: and 10-dot fonts, such as 640 x 480 displays that are 
expanded to 600 x 600. 



Conunuea on next page. 
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6.3.1 SRX: Sequencer Index Register (coni) 
Bft Description 



5:0 Sequencer index [5:0]: 



• When writtng to any CL*G07542 sequencer index except 1 0h or 11 h; 
^ These bits become a 6-blt sequencer index field. SRX[5:0}« 

— The SRX[5:01 field selects the register to be r ccessed with the next 1/0 
read or UO write to I/O Port Address 305. 

• When writing to CL-GD7542 sequencer index 1 0h or 11 h: 

— These bits become a 5-brt sequencer index field, SRX[4:0]. 

— The SRX[4:0] field selects the sequencer index^ SRXTTrS], used to 
define the fine position for the hardware cursor and hardware Icon. 

— Extension registers SR2A[61 ar)d SR2E(0I) define the fine position 
for the hardware cursor and hardware icon. 
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SRO: RaMt Ragisttr 


I/O Port Address: 3C5 


Index: 0 




Bit 


Description Reeet State 


7 


Reserved 


6 


Resen/ed 


5 


Reserved 


4 


Reserved 


3 


Reserved 


2 


Reserved 


1 


Synchronous Reset 1 


0 


Asynchronous Reset 1 


Ibis register ts used to reset the CL-GD7542 sequencer. These bfts are for VGA-standard 


compatitMtity only, and after reset they need never be used. 


Bit 


Description 


7:2 


Reserved 


1 


Synchronous Reset: 




When this brt is programmed to: 




• 0. the sequencer is cleared and halted, which disat>les screen refresh and 




display memory refresh. 




• 1 . and when SRO[0] s 1 . the sequencer will operate normally. 


0 


Asynchronous Reset 




When this brt Is programmed to: 




• 0, the sequencer is deared and halted, and SR3 is cleared. 




• 1 , and wf>en SR0[1] s i . the sequencer will operate normally. 
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6.3.3 SRI: CtocJdng Mode Register 

1/0 Port Address: 3C5 
Index: 1 



Bit Description Reset State 

7 Reserved 

6 Reserved 

5 Full Display Memory Bandwidth 0 

4 Shift and Load 32 Data Bits 0 

3 DotCiodc 0 

2 Shift and Load 16 Data Bits 0 

1 Reserved 

0 8/9 Dot Clock 0 



This register is used to control some miscellaneous functions in the CL-GD7542 sequencer. 

Bit Description 
7:6 Reserved 

5 Full Display Memory Bandwidth: 

When thts bit is programmed to: 

• 0, the CRT screen is turned on, and the CL-GD7542 operates nonmally. 

• 1 , the CRT screen is turned off. In addition: 

— The CPU uses nearly 100% of the display memory t)andwidth. 

— HSYNC and VSYNC continue normally. 

— The BLANK# signal goes active and stays active. 

— The refresh for tfw display memory will continue normally. 

4 Shift and Lead 32 Data Bits: 

This bit, in conf unction with SR1[2]. controls how often 32-btt graphics control- 
ler display data shifters are loaded, according to the following table: 



SRI 


Data Shifters Loaded 


14) 


[2] 


0 


0 


Every character ctock 


0 


1 


Every 2nd character clock 


1 


X 


Every 4trt character clock 



Contmuea on next page. 
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63.3 SR1 : Clocking Mode Register (cont) 
Bit Description 



Dot Clock: 

When this bit is programmed to: 

• 1 . VCLK (the Master Clock) is divided by 2 to generate DCLK. a dot dock 
that is half the frequency of the Master Clock. This dot ck>ck is used for low- 
resolution video modes such as 0. 1 , 4, 5, and 0. 



,VCLK (Master Clock) 




DCLK 




*2 




0. VCLK (the Master Clock) is not divided by 2. In this case, the dock that 
IS used as the dot dock is the same frequency as the Master Ck)ck. 


VCLK (Master Clock) 




tx:LK 





2 Shift and Load 16 Data BlU: 

This bit controts how often 16-bit graphics oontioller display data shifters are 
loaded. (Refer to the description of bit (4] of this register.) 

1 
0 



Reserved 



B/9 Dot Clock: 
When this brt is programmed to: 

• 0. then character docks 8 dots wide are generated, used in alt modes by 
mode 7. in which there are 320 or 640 horizontal dots. 

• 1 . then character docks 9 dots wide are generated, used in the mono- 
chrome mode 7, in which there are 720 honzontai dots. 
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6.3.4 SR2: Plane Maak Register 

I/O Port Address: 3C5 
Index: 2 



Bit Description Rsaet State 

7 EnaWa Writing Pixel 7 / R served 0 

6 Enable Writing Pixel 6 / Reserved 0 

5 Enat)le Writing Pixel 5 / Reserved 0 

4 Enable Writing Pixel 4 / Reserved 0 

3 Enable Writing Pixel 3 / Bit-Map Plane 3 Enable 0 

2 Enable Writing Pixel 2 / Bit-Map Plane 2 EnaMe 0 

1 Enable Writing Pixel 1 / Bit-Map Plane 1 Enable 0 

0 Enable Writing Pixel 0 / Bit-Map Plane 0 Enable 0 



This register has two uses. 

1 . Its first use is to control the writing of up to eight pixels. 

2. Its second use is to enable or disable writing to tiie four bft-map planes of display memory. 

Bit Description 

7 0 Enable Writing Pixel [7:0]: 

• These tMts can control whether individual pixel data bits [7:0] are written. 

* To enable an individual pixel. Oie oorresporxiing Eru^ble Writing Pixel bit 
must t>e set to 1 . and one of ti^ following conditions must be met 

* Extended Write Mode 4 or Exterxied Write Mode 5 is selected with 

Graphics Controller Register bits GR5{2:0]. 
— Write Mode 1 is selected with Graphics Controller Register bits 

GR5[2:0}» and Extension Register GRB[2] is set to 1 . 
« This fiekj is atso used as a wnte protect for the BitBLT (bit block transfer) 
engine. 



74 


Reserved: 




These four bits are reserved when Extended Write Modes 4 and 5 are dis- 




abled (that IS, Graphics Controller Register bits GR5(2] = 0). which would be 




the case for VGA-compatit)ility modes. 


3 0 


Bit-Map Plane Enable [3:0]: 




These four bits are used to control whether individual display memory bit-map 




planes [3:0] are wrmen with Wnte Modes [3:0). 
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6.3.5 SR3: Character Map Sat Salact Ragiatar 

I/O Port Address: 3C5 
Index: 3 



Bit Daaeription Raaet State 

7 Reserved 

6 Reserved 

5 Secorxlary Character Map Set Select [0] 0 

4 Prinwry Character Map Set Select [0] 0 

3 Secondary Character Map Set Select [2] 0 

2 Secondary Character Map Set Select [1 j 0 

1 Primary Character Map Set Select ^] 0 

0 Primary Character Map Set Select [ij 0 



This register is used to speofy the phmary and the secondary character map sets (fonts). 
This register applies only to text modes. 

Bit Description 

7:6 Reserved 

5. 3:2 Secondary Character Map Set Select: 

These three brts select from among the secondary character nnap sets, 
according to the following table: 



SR3 


SecoTKlary Charadar Map Set 


^oSeT 
(Kbytaa) 


[5] 


PI 


121 


0 


0 


0 


0 


0 


0 


0 


1 


1 


16 


0 


1 


0 


2 


32 


0 


1 


^ 1 3 


48 


1 


0 


0 1 4 


8 


1 


0 1 


5 


24 


1 


1 < 0 


6 


40 


1 


T ! ^ 


7 


56 



ConttnueC on next page, 
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6.3^ SR3: Character Map Set Select Register (cont) 
Bit Description 

4,1:0 Primary Character Map Set Select: 

These three bits select from among the pnmary character map sets, according 
to the foflowing table: 



SR3 




ipSet 


(Kbytee) 


w 


[1] 


ro] 


Primary Ctiaracter Mi 


0 


0 


0 


0 


0 


0 


0 


1 


1 




0 


1 


0 


2 


32 


0 


1 


1 


3 


48 


1 


0 


0 


4 


e 


1 


0 


1 


5 


24 


1 


1 


0 


6 


40 


1 


1 


1 


7 


56 



NOTES: 

( 1 ) In text vfdeo display modes: 

1 . Character Map Plane 0 stores the ASCII text character code. 

2. Character Map Plane 1 stores the attribute byte. 

3. Character Map Plane 2 stores the character map set (the font). 

(2) Bit 3 of the attnbute byte normally controls the intensrty of ttw foreground color. 

This bit may be redefined to be a switch between character sets, allowing 512 
dispiayable charaaers. 

Thts swnch is enabled whenever SR4(1) is a 1 AND there is a difference 
between the values of the Primary Character Map Set Select and 
the values of the Secondary Character Map Set Seiact. 

f3) The fofmat tor the Charaaer Map Plane 2 font address bits [15:0] is: 

F2 F1 FO C7 C6 C5 C4 C3 C2 C1 CO R4 R3 R2 Rl RO 
wncre. 

F[2:01 IS the charaaer map set select 

Cp:0] IS (he ASCII text character code 

R[4:01 »s the character row (the scaniine in the character cell) 
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6.3.6 SR4: Memory Mode Register 

I/O Port Address: 3C5 
Index: 4 



Bit Description Reset State 

7 Reserved 

6 Reserved 

5 Reserved 

4 Reserved 

3 Chairv4 0 

2 Odd/Even Mode 0 
1 Extended Memory 0 
0 Reserved 

This register is used to control some miscellaneous functions in the CL-GD7542 sequencer. 

Bit Description 

7:4 Reserved 

3 Chajf>-4: 



When this bit is programmed to 1 : 

• This bit taices pnortty over SR4[2} (Odd/Even Mode) arKj Graphics Control- 
ler Register GR5[4] (Odd/Even Addressing Mode). 

• Its effect IS similar to SR4(2] (Odd/Even Mode), except both AO and A1 are 
used. 

— Address AO provides display meniory Plane Select Bit [0]. 

— Address A1 provides display memory Plarte Select Bit [1]. 

• The Graphics Controller Read Map Register (GR4) is ignored. 

2 Odd^ven Mode: 

• When this brt is programmed to 0, the sequencer is in Odd/Even Mode. 

• This bit must be programmed to a 0 for text modes* 

• The value of this bit must track Graphics Controller Register GR5(4] (Odd/ 
Even Addressing Mode), and the values must be opposite. 

— The even CPU addresses will access display memory planes 0 and 2. 

— The Odd CPU addresses will access display memory plar>es 1 and 3. 

• This bit may be ovemdden by the SR4[3] bit. 

1 Extended Memory: 

When this brt is programmed to: 

• 0, effective memory size is 64K, regardless of actp-'^* installed memory. 
(EGA modes require this to be the case.) 

• 1 . effective memory size equals actual installed memory. 

0 Reserved 
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6.4.1 CRX: CRT Controller Index Register 

I/O Port Address: 3?4 
Index: (n/a) 



Bft 


Description 


7 


Reserved 


6 


Reserved 


5 


CRTC IfKjex [5] 


4 


CRTC Index [4] 


3 


CRTC Index [3] 


2 


CRTC index [2] 


1 


CRTC Index [1] 


0 


CRTC Index [0] 



Reset state 



0 
0 
0 
0 
0 
0 



NOTE: '?' in the above regster addresses is 'B' in Monochrome Mode and 'V in Color Mode. 

This index register is used to specify the register in the CRT Controller blocK to be accessed 
f3q by the next I/O read or I/O wnte to Address 375. Registers at indices 19. 1 A. 1 B. 25. and 27 

are described in this manual s section on the CL-QD7542 Extension Registers, in section 6.7. 

WW Btt Deeeriptlon 

' 

= p 7:6 Reserved 

an 5:0 CRTC Index {5:01: 

= "Z The value resulting from these bits point to the register to be accessed in the 

^2 next I/O read or I/O wnte to address 3?5. (Note that registers above 18 were 

i ===: 

130 

m 

mm 
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never documented by IBM.) 
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6.4.2 CRO: Horizontal Total Register 

I/O Port Address: 3?5 
Index: 0 



Bit Description Reeet State 

7 Hortzontal Total [7] 0 

6 Horizontal Totai [6] 0 

5 Horizontal Total [5] 0 

4 Horizontal Total (4] 0 

3 Horizontal Total [3] 0 

2 Honzontal Total [2] 0 

1 Horizontal Total (1] 0 

0 Honzontal Total [01 0 



NOTE: *r in the above register addresses is 'B' tn Monochrome Mode and 'U in Color Mode. 
This register is used to specify the total number of character docks per horizontal period. 
BK Description 

7:0 Horizontal Totai: 

This e-bit field specifies the total number of character docks per horizontal 
period as follows: 

• The VCLK signal provides the character dodc (The character dock is de- 
rived from VCLK. according to the character width.) 

• The character counter counts the total number of character docks. 

• The value in the character counter is then compared with the value in this 
register to provide the basic horizontal timing. 

• Alt honzontal arxl vertical timing ts eventually derived from the basic hori- 
zontal timing in this register 

The value of the honzontal total for this register may be calculated as follows: 

FROM: Total number of character docks (from character counter) 

SUBTRACT - § gharaflgf giggk? (fgr gtanjart VSA ffgmwti&ilitY) 
TO GET: = Honzontal total 

Example: If 80 characters are desired per horizontal scanline, then a value of 
75 must t>e loaded into this register. 

Figure &-1 indicates the way the honzontal and vertical timing is defined. 

• The honzontal timing is calculated m terms of character dock penods. 

• The venical timing is calculated in terms of honzontal penods. 

Table &-1 indicates how the vanous CRT Controller timing registers are 
extended. 
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CW {HOHCPKTAL TOTAL) 



CfO (HOWZOWTAL BtAWIOMO gHD) 



CW5 (HOWZOKTALtYWCgWO) 



CIM fHOHgOKTAfYMC gTAHT) 



CItt (HOHCOI€TAL BLAWWWQ tTAWT) ^ 
CW1 (MOHgOKTAL OtSPLAY EMD) ^ j 



ACTIVE OlSPUY SCREEN 


Q 


H 


1 


J 


IC 


BOTTOM BOItOCR 












DISPLAY BlANfCED 












VEimCAL RETIUCe (SYNC) 












DISPLAY BLAMKED 








TOP 80M>ER 









A -cm (VERTICAL TOTAL) 
B'CRIt (VERTICAL BLANIONQ END) 
C-CR11 (VERTICAL SYNC END) 
O-CR10 (VERTICAL SYNC START) 
E-CRIS (VERTICAL BLANIONO START) 

(VERTKAL DISPLAY END) 
G - RJGKT BORDER 
H - DISPLAY BLANKED 
I - HORfZOKTAL RFTNACE (SYNC) 
J . DISPLAY BLANKED 
K • LETT BORDER 



Figure 6-1. CRTC Timing Registers 
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The following table is a guide to the location of the CRT controller timing registers and 
accompanying extension and overflow bits. 

• An extension bit is a bit added by Cirrus Logic to the starKiard VGA oontrolter bits. 

• An overflow bit is a standard VGA controller bit that results from using more than eight bits 
to defir»e a field. 

Table 6-1. Summary of CRT Controller Timing Register Bfta* 



Parameter 


CRT Controller Register Bit PoaWon 


[91 


[ai 


m 


m 


[51 


[4:0] 
















n low 






CR0(7J 


CROffl 


CR0(5] 


CR0(4:0] 


H Display End 






CR1[7J 


cRitei 


CRIfS) 


CR1[4:0] 


HBUnlangStan 






CR217] 


CR2(q 


CR215] 


CR2(4:0] 


H BtanlongEnd 






CR1A(S] 


CR1A(4I 


CR5I71 


CR3(4:0] 


H Sync Start 






CR4(71 


CR4(e) 


CR4(5] 


CR4(4:0] 


HSyTKEnd 












CR5f4:0] 


V Total 


CRTfS] 


CR710) 


CR6[7I 


CR6(6) 


CR6(5) 


CR6(4:0] 


V Sync Start 


CR7I7] 


CR7I21 


cRion 


CRio(e] 


CR10(5I 


CR10(4:0I 


V Sync End 












CR11[3:0) 


VDBpiay End 


CR716] 


CR7I11 


CRiam 


CR1216] 


CRl2t51 


CR12J4:01 


V Btantang Stan 


CR9(5] 


CR7I31 


CRlSfT] 


CR15{61 


CR15{5I 


CR15(4:0) 


V Btanlang End 


CRiAn 


CR1A[6] 


CRl6f7] 


CR16(6] 


CR16(5] 


CR16|4:0) 


Una Compar* 


CR9(61 


CR714) 


CR18[7] 


CR16($) 


CR18[5) 


CR1 8(4:0) 


Ottse! 


1 CR1B(4] 


cRiam 


OR 13(6) 


CR13(5) 


CR1 3(4:0] 



a Bits shown in bold text are extensions. 
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6.4.3 CR1: Horizontal Display End Regiatar 



I/O Port Address: 3?5 



Index: 1 



Bit Description 



Raaet Stats 



7 Honzontai Disptay End [7] 

6 Horizontai Display End [6] 

5 Horizontal Display End [5] 

4 Horizontal Display End [4] 

3 HonzontaJ Display End [3] 

2 Honzonta) Display End [2] 

1 Horizontal Display End 11] 

0 HonzontaJ Display End (0] 



0 
0 
0 
0 
0 
0 
0 
0 



NOTE: m the above register addresses is 3* in Monochrome Mode and 'D in Color Mode. 

This register is used to specify the number of character dodcs during horizontal display time. 



For the honzontai display time, this register specifies the number of character 
docks, mmus h as calculated for both text modes and graphics modes. 

• For text modes: 

CR1 (7:0) = "Number of character docics' - 1 
Where number of character docks s 
Number of characters 

• For graphics modes: 

CR1f7:0] = 'Number of character ctocks' - 1 
Where number of character docks s 

(Number of pixels/scaniine) * (Number of pixels/character dock) 
For a summary of CRTC Timing Registers, refer to Rgure 6-1 and Table 6-1 . 



Bit 



Deacription 



7:0 



HonzonUI Display End [7:0]: 
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6.4.4 CR2: Horizontal Blanking Start Register 

I/O Port Address: 3?5 
Index: 2 

Bit DMcription 

7 Horizontal Blanking Start [7] 

6 Horizontal Blankjng Start [6] 
5 Horizontal Blanking Start [5] 
4 Horizontal Blanking Start [4] 
3 Horizontal Blanking Start [3] 
2 Horizontal Blanking Start [2] 
1 Honzontal Blanking Start [1] 
0 Horizontal Blanking Start [0] 

NOTE: *?' in the above register addresses is '8' in Monochrome Mode and V in Coter Mode. 
This register is used to specify the character count where horizontal blanking starts. 
Bit Deecription 

7 0 Horizontal Blanking Start [7:0]: 

This register specifies the character count at which horizontal blanking starts. 

• For text modes: 

Character count at which honzontal blanking starts = 
Number of characters 



Reset State 

0 
0 
0 
0 
0 
0 
0 
0 



• For graphics modes: 

Character count at wh\dh honzontal blanking starts = 

(Number of pixels/scanline) * (Number of pixels/character dock) 

• For both text modes and graphics modes: 

The value programmed into CR2 must always be larger than the value pro- 
grammed into CRT Controller Register CR1 . 

For a summary of CRTC Timing Registers, refer to Figure 6-1 and Table 6-1 . 
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6.4.5 CR3: Horizontal Blanking End Register 

I/O Port Address: 3?5 
Index: 3 



BH Deteription Resat State 

7 Compatible Read 0 

6 Display Enable Delay [1] 0 

5 Display Enable Delay [0] 0 

4 HonzontaJ Blanking End [4] 0 

3 Horizontal Blanking End [3] 0 

2 Honzontal Blanking End [2] 0 

1 Horizontal Blanking End [1] 0 

0 Honzontal Blanking End [0] 0 



NOTE: m the above register addresses s *B' in Monochrome Mode and 'D* in Color Mode. 

This register is used to detemiine the horizontal blanking period width. Also, mis register con- 
trols access to CRT Controller Registers CR10 and CR11 and the display enable delay. 

Bit Description 

7 Compatible Read: 

When this tit: 

• =0, CRT Controller Registers CR10 and CR1 1 are wrtte-onty registers. 

• = 1 , CRT Controller Registers CR10 and CR1 1 are read/Write registers. 

6.5 Display Enable Delay [1:0]: 

This two-bit fieki is used to specify the number of character clocks that the dis- 
play enable signal is delayed from the horizontal totai. This delay is necessary 
to compensate for the accesses of the character code, attribute byte, forrt etc. 

The folk)wing tat>le indicates programming for the display enable signal delay: 



CR3 


Delay for Oi^pimy Eneble Signal 


[6] 


(51 


(in number of character clocka) 


1 0 


0 




i 0 


1 


1 cfiaracter ciock (typicai settv>g) 


1 




2 chamcter docks 


1 


1 


3 cnancter docks 



NOTE: If the delay ts programmed tcx> tow, the left-most character will be repeated, 
t! the delay is programmed too high, or>e or more characters wilt disappear at 
the let! ot each charaaer row. 

Omts ConfiUeniiJI 
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6.4^ CR3: HorizontaJ Blanking End Register (cont.) 
BH Daseilption 



4:0 Horizontal Blanking End [4:0]: 



The honzontal blanking end field consists of these 5 bits (and as needed, a 
sixth bit in CR5\7]). This fieid determines the wdlh of the honzontal blanking 
penod. 

The least-stgntficant five (or six) bits of the character counter are compared 
with the contents of this field. When a match occurs, the horizontal blanking 
period ends. 

The horizontal blanking end value to be programmed into this register may be 
calculated as follows: 

FROM: HonzontaJ blanking start (value programmed into CR2) 

SUBTRACT - Hori2ontal blanking period /as desired) 
TO GET: s Horizontal blanking end 

* The honzontal blanking period: 

— must never be programmed to extend past the horizontal total. 

— IS limited to 63 character-dock times, 

• The honzontal blanking end field is extended as folbws: 

— CRSPl is the honzontal blanking end fieW bit [5], which extends this 
field to 6 bits. 

— When either Extension Register CR1B[5] = 1 or Extension Register 
CR1 B[71 = 1 , Extension Register bits CR1 A[5:4] further extend the 
horizontal blanking end field to eight bits with bits [7:6]. . 

For a summary of CRTC Timing Registers^ refer to Figure 6-1 and Table 6-1. 
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6.4.6 CR4: Horizontal Sync SUrt Register 



I/O Port Address: 3?5 



Index: 4 




Reset State 



7 Honzontal Sync Start [7] 

6 Honzontal Sync Start [6] 

5 HorizontaJ Sync Start [5] 

4 Horizontal Sync Start [4] 

3 Honzontal Sync Start [3] 

2 Horizontal Sync Start [2] 

1 Horizontal Sync Start [1] 

0 Horizontal Sync Start [0] 



0 
0 
0 
0 
0 
0 
0 
0 



NOTE: 7' in the above register addresses is 'B* in Monocrirome Mode and 'D* in Color Mode. 
This register specrfies the time at which honzontal sync t)eoomes active. 



This field spectf>es the character count at wtiich the horizontal sync signal 
t)ecomes active. Adjusting the value in this field moves the display horizontally 
on the screen. 

• The honzontal sync start must be programn>ed to a value either equal to or 
greater than horizontal display erxl. 

• The time from honzontal sync start to horizontal total must be either equal 
to or greater than four character*dock times. 

For a summary of CRTC Timing Registers, refer to Figure 6-1 arnl Table 6-1 . 



Bit 



Description 



7:0 



Horizontal Sync Start [7:0]: 
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6.4.7 CR5: Horizontal Sync End Register 
I/O Port Address: 3?5 
Index: 5 



Bft Description Reset State 

7 Horizontal Blanking End {5] 0 

6 Honzontal Sync Delay (1] 0 

5 Honzontal Sync Delay (0) 0 

4 Honzontal Sync End [4] 0 

3 Honzontal Sync End [3] 0 

2 Horizontal Sync End [2] 0 

1 Honzontal Sync End [1] 0 

0 Honzontal Sync End [0] 0 



NOTE: *T in the above register addresses is '8' in Monochrome Mode and 'O" in Color Mode. 

This register specifies the position at which the horizontal sync pulse ends, effectively spea- 
king the width of the pulse. In addition, this register contains an overflow bit and a field for 
the honzontal sync delay. 

Bit Description 

7 Horizontal Blanking End [5]: 

This overflow bit increases by one bit the horizontal blanking end value of 
CR3(4:0). 

6:5 HorizonUl Sync Delay [1:0]: 

This two-bit field rs used to specify the number of character clocks that the 
external honzontal sync pulse is delayed from the honzontal syrK start posn 
ton implied in CR4, 



In some video modes, this horizontal sync delay is necessary to allow internal 
timing signals that are tnggered from honzontal sync start to begin, pnor to 
display enable. 

The following table summanzes programming for the honzontal sync delay: 



CR5 


Delay for Horizontal Sync Pulse 
(in number of cfiaracter docks) 


[6] 


[51 


0 ! C I Nooeiay 


0 1 1 


1 character ckxk 


1 1 0 


2 charaaer ciocts 


1 1 1 1 3 character clocKs 
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6.4.7 CR5: Horizontal Sync End Register (cont) 

Bit Deecriptl on 

4:0 Horizontal Sync End [4:0): 

This 5*bit field determines the width of the horizontal sync pulse. 

The least-signrftcant five bits of the character counter are compai Kj with the 
contents of this field. When a match occurs, the hortzorM sync pulse ends. 

The horizontal sync end value to be programmed into this register may be ca^ 
culated as follows: 

FROM: Horizontal sync start (value programmed in CR4) 

SUBTRACT: - Homontal svnc pulaa width (mn tiMirmfi 

TO GET: = Horizontal sync end 

The honzontal sync pulse: 

• has a width limited to 31 character-dock times. 

• must never be programmed to extend past the horizontal total of CRO. 

• must always end during the horizontal bianldng period. 

For a summary of CRTC Timing Registers, refer to Rgure 6-1 and Table 6-1 
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6.4.8 CR6: Vertical Totil Register 

1/0 Port Address: 3?5 
Index: 6 



BH Description 


Reaat State 


7 Vertical Total fT] 


0 


6 Vertieal Total [6] 


0 


5 Varticai Total [5] 


0 


4 Vertical Total [4] 


0 


3 Vertical Total (3] 


0 


2 Vertieal Total \2] 


0 


1 Verticai Total (1) 


0 


0 Vertical Total [0] 


0 


NOTE: *?' in the above register addresses is 'B' in Monochro 


m Mode and 'Cr in Color Mode. 



This register specifies the total number of scanlirws per frame. 

Bit Description 

^Sn ' 

lis'i 7:0 Vertical Total [7:0]: 

rfi This field is the least-significant eight bits of a tan-bit field that defir>es the total 

number of scartlines per frame. This field is extended with CR7[5] and CR7I0]. 

%jQ The value of tne Vertcai Total field to be programmed may be calculated as 

£ll follows: 

HI 

FROM: Total number of honzontal scanltnes 

Li SUBTRACT - 2 scanlines 

'~^d TO GET: = Vertical Total field (total number of scanlines per frame) 

fyL^ When the value in the scanltne counter equals the value of the Vertical Total 

ifi f| Held, a vertical retrace penod begins. 

: . For a summary of CRTC Timing Registers, refer to Figure 6-1 and Table 6-1 . 
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6.4.9 CR7: Overflow Register 

I/O Port Address: 3?5 
(ndex: 7 



Bit Description Reset Stste 

7 Vertical Sync Start [9] 0 

6 VerticaJ Dtspiay End [9] 0 

5 Verticai ToUl [9] 0 

4 Line Compare [8] 0 

3 Verticai Btantong Start [6] 0 

2 Vertical Sync Start [8] 0 

1 Vertical Display End [8] 0 

0 Vertical Total [8] 0 



NOTE: *?' in trta above fegisier addresses m 3* m Monochrome Mode and 'D in Color Mode. 

This register contains bits that extend vanous vertical count fields. For a summary of CRTC 
Timing Registers, refer to Figure 6-1 and Ta£)le 6-1 . 



Bit 


Description 


7 


Vertical Sync Start (9]: 




Wtth CR7I2]. this bit extends the verbcai sync start field (CR10) to ten bits. 


6 


Vertical Display End [9]: 




With CR7[1], this brt extends the vertical display end field (CR12) to ten bits. 


5 


Vertical Total [9]: 




Wrth CR7(0]. th)S bit extends the verticai total field (CRS) to ten bits. 


4 


Une Compare fS]: 




Wrth CR9[6]. this M extends the line compare field (CR18) to ten bits. 




This bit can always be wntten. 


3 


Vertical Blanking Start [8]: 




Wrth CR9[5]. this brt extends the vertical blanking start field (CR15) to ten bits. 


2 


Vertical Sync Start [6]: 




Wrth CR7[7]. this bit extends the vertical sync start field (CR10) to ten bits. 


1 


Vertical Display End fS]: 




With CR7f6). this bit extends the vertjcal display end fiekJ (CR12) to ten bits. 


0 


Vertical Total [8]: 




Witri CR7[5I. this bit extends the verticai total field (CR6) to ten Hits. 
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6.4.10 CR8: SerMn A Pr^Mt Row Scan Register 

1/0 Pon Address: 3?5 
Index: 8 



Bit 

7 
6 
5 
4 
3 
2 
1 
0 



Description 
Reserved 

Byte (Coarse) Panning [1] 
Byte (Coarse) Panning [0] 
Screen A Preset Row Scan [4] 
Screen A Preset Row Scan [3] 
Screen A Preset Row Scan [2] 
Screen A Preset Row Scan [1] 
Screen A Preset Row Scan [0] 



Reset State 

0 
0 
0 
0 
0 
0 
0 



NOTE: 7' in tr^e above register addresses s 3* in Monochrome Mode and *0' in Color Mode. 

This register specifies the row scaniine at which Screen A starts. This register also allows two 
types of scrolling: 

• scrolling on a character row (scaniine) t>asis (also called coarse parining) 

• scaniine (row) basis, also called fine scroti. 

• In addition, this register specifies byte (coarse) panning. 



^3 



Bit 



4 0 



Description 



Reserved 



Byte (Coarse) Panning [1:0]: 

This two-bft field controls coarse panning. (For fine panning on a pixel-by-pixel 
basis, refer to Attribute Controller Register AR13.) 

• This field can speofy a coarse pan of up to 24 pixels, with &-pixel resolution. 

• Values for CR8[6:5) are interpreted as indicated in the following table: 



CRS 


Reeutting Pan 
(in bytes) 


Resulting Pan 
On pixels) 


[6] 


(51 


0 


0 


0 


0 


0 


1 


1 


8 


1 ! 0 


2 


16 



24 



Screen A Preset Row Scan [4:0]: 
This field specifies the scaniine at which the first character row will begin. 

• This specif icalion provides scrolling on a scaniine basis (soft scrolling). 

• The contents of this field should be changed only dunng vertical retrace 
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6.4.11 CR9: Character Ceil Height Register 

t/0 Port AMmss: 3?5 
Index: 9 



BK Description Reset State 

7 Control Scaniine Doub^ 0 

6 Line Compare [9] 0 

5 Vertical Blanking Start [9] 0 

4 Character Ceil Height [4] 0 

3 Character Cell Height [3] 0 

2 Character Cell Height [2] 0 

1 Character Cell Height [1] 0 

0 Character Cell Height [oj 0 



NOTE: tn tfM above register addrasaes is *B* in MonochrDme Mode and '1^ m Color Mode. 

% Thts register specifies the number of scanlines in the character ceil. In addition, it contains 

?B two overflow Ms and one control bit 

^yj Bit Description 

Control Scsnltne Double: 

When this bit is 1 , every scaniine is displayed twice in succession. 

• Scanlines double for those specifications based on scaniine counter ad* 
dressing, such as Character Height. Cursor Start, Cursor End. and Cursor 
Underline tocatton. 

• Typically, thts bit is used to double a 200-scanline display to 4CX) scanlines. 

• The scaniine doubling function is not available in intertaced video m odes. 

1^3 6 Une Compare [9]: 

5y With CR7[41> this bit extends the line compare field (CRIB) to ten bits. 

5iH 5 Vertical Blanldng Start (9]: 

^ ^ With CR7I31. this bit extends the vertical btanfa ng start field (CR1 5) to ten bits. 

To Character Celt Height [4:0]: 

This field specifies the vertical size of the character ceil in tenns of scanlines. 
The value programmed into thts fteW equals the actual size of the character 
cell (in scanlines), mtnus 1. 
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6.4.12 CRA: T«xt Cursor Start Register 

I/O Port Address: 3?5 
Index: A 

BH DMcription 
7 Reserved 
6 Reserved 

5 Otsabte Text Cursor 0 

4 Text Cursor Start [4] 0 

3 Text Cursor Start [3] 0 

2 Text Cursor Start [2] 0 

1 Text Cursor Start [1] 0 

0 Text Cursor Start [0] 0 

NOTE: in tne above register addresses is 'B' in Monochrome Mode and 'D* in Color Mode. 

This register contains a bet that will disable the text cursor. In addition, this register specifies 
'S: the scantine at which the text cursor is to start 

I^j Bit Deecriptlon 

7:6 Reserved 

^ 5 Disable Text Cursor: 

%J When this bit: 

4p • s 1 , the text cursor will be disabled (that is. it will be removed). 

Ilk • s 0. the text cursor will function normally. 

^ 4^0 Text Cursor Start [4:0]: 

QS This field specifies the scanline within the character cell at which the text cur- 

0^ sor IS to start. When the Text Cursor Start value is: 

• less than the Text Cursor End value, no text cursor will display. 

J • greater than the Text Cursor End value, no text cursor will display. 

• equal to the Text Cursor End value, the text cursor will display on a single 
scanline. 
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6.4*13 CRB: Ttxt Cursor End Register 

I/O Port Address: 3?5 
Index: B 



BH Dsserfptlon Resst Stste 

7 Reserved 

6 Text Cursor Delay [1] 0 

5 Text Cursor Delay [0] 0 

4 Text Cursor End [4] 0 

3 Text Cursor End [4] 0 

2 Text Cursor End [4] 0 

1 Text Cursor End [4] 0 

0 Text Cursor End [4] 0 



NOTE: '?* in the above register addresses is *B* in Monochrome Mode and 'D* in Color Mode. 

This register specifies the scanline at which the text cursor is to end. it also contains a field 
that allows the text cursor display to be delayed from the location specified in CRE and CRF. 

Bit Description 

7 Reserved 

ii Text Cursor Delay [1:0]: 

This two-brt field specifies a delay, given in character docks, from the text cur- 
sor location spectfied in CRE and CRF to the actual display of the text cursor. 

4^0 Text Cursor End [4:0]: 

This field speafms the scanline within the character cell at which the text cur- 
sor IS to end. When the Text Cursor End value is: 

• less than or equal to the character oelf height, no text cursor will display. 

• greater than the character cell height the effective text cursor end value will 
be equal to the character cell height. 
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6.4.14 CRC: ScrMn A Start Addraat High Register 

I/O Port Address: 3?5 
Index: C 



Bit Description Beset State 

7 Screen A Start Address [15] 0 

6 Soeen A Start Address [14] 0 

5 Screen A Start Address [1 3] 0 

4 Semen A Start Address [12] 0 

3 Screen A Start Address [11] 0 

2 Screen A Start Address [10] 0 

1 Screen A Start Address [9] 0 

0 Screen A Start Address [6] 0 



NOTE: 7' in the above register addresses is *6' In Monochrome Mode and '0* in Cotor Mode. 

This register, along with CRD and Extension Register CR1 8(3:2, 0], specify the display mem- 
ory location at which data to be displayed on the screen starts. 

T!u^^ Brt DeecripUon 

'^J %4 7:0 Screen A Start Address [15:8]: 

,E f The 19-btt Screen A Start Address field contains a value that specifies the 

l ^ % starting display memory location for data to t>e displayed on the screen. 

'"Z^ • Btts (1 8: 1 6] are in Extension Register CR1 B[3i,0]. 

4^ • Bits [1 5:8] are in this register. 

''^ M • Bits [7:0] are in CRT Controller Register CRD. 
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6.4.15 CRD: Screen A Start Address Low Register 

1/0 Port Address: 3?5 
Index: D 



Bft DeecHptton Reset State 

7 Screen A Start Address [7] 0 

6 Screen A Start Address [6] 0 

5 Screen A Start Address [5] 0 

4 , Screen A Start Address [4] 0 

3 Screen A Start Address [3] 0 

2 Screen A Start Address [2] 0 

1 Screen A Start Address [1] 0 

0 Screen A Start Address [0] 0 



NOTE: 7' in the above register addresses is '6' tn Monochrome Mode and 'tX in Gotor Mode. 

This register, along with ORG and Extension Register CR1Br3:2, 0]. specify the display mem- 
ory location at whtch data to be displayed on the screen starts. 

Brt Description 

7:0 Screen A Start Address [7:0]: 

The 19-brt Screen A Stan Address field contains a value that speciftes the 
starting display memory location for data to be displayed on the screen. 

• Bits [16:16] are in Extension Register CR1B[3:2*0]. 

• Bits [15:8] are in CRT Controller Register CRC. 

• Bits [7:0] are in this register. 
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6.4.16 CRE: Text Cursor Location High Register 

I/O Port Address: 3?5 
Index: E 

Bit Description 
7 Text Cursor Location [15] 

6 Text Cursor Location [ 1 4] 

5 Text Cursor Location [13] 

4 Text Cursor Location [12] 

• 3 Text Cursor Location [11] 

2 Text Cursor Location [10] 

1 Text Cursor Location [9] 

0 Text Cursor Location [8] 

NOTE: 7* in the above register addresses ts 'B' m Monochrome Mode and 'D* in Color Mode. 

This register, along with CRF. specifies the display memory location at which the text cursor is 
to be displayed. 

Bit Desc ription 

7:0 Text Cursor Location [15:8]: 

The Text Cursor Location is a 16-bft field that specifies the display memory 
location at which the text cursor is to be displayed. 

• Bits [15:8] are in this register. 

• Bits [7:0] are in CRT Controller Register CRF, 

• The value contained in thts field specifies an address in display memory, 
not an offset from the beginning of the screen. When the value of the 
Screen A Start is changed without a compensating change in the Text Cur- 
sor Location field, the text cursor will move on the screen. 



Reset State 

0 
0 
0 
0 
0 
0 
0 
0 
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6,4.17 CRF: Text Cursor Location Low Register 

I/O Port Address: 3?5 
Index: F 

Bit Dsscription Bm^ State 



7 
6 
5 
4 
3 
2 
1 
0 



Text Cursor Location [7] 0 

Text Cursor Location [6] ° 

Text Cursor Location (5) ^ 

Text Cursor Location [4} 0 

Text Cursor Location [3] ^ 

Text Cursor Location (2) ^ 

Text Cursor Location {1J ^ 

Text Cursor Location [Oj ^ 



NOTB: m the above register addresses is -B* m Monochrome Mode and 'U in Color Mode. 

This register, wrth CRE. spedfies the display memory location at which the text cursor is to be 

displayed. 

Bit Des cription 

7 0 Text Cursor Location fZrO]: ^. ^ 

The Text Cursor Location is a 16-b(t field that spedfies the display memory 
location at which the text cursor is to be displayed. 

• Bits [15:8] are in CRT Controller Register CRE. 

• Bits 17:0) are in this rBgister. ^^^^^^ 
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6.4.18 CR10: VertleaJ Syne Start Register 

1/0 Port Address: 3?S 
Index: 10 



Bit Description Raset State 

7 VerticaJ Sync Start [7] 0 

6 Vertical Sync Start [6] 0 

5 Verticai Sync Start [5] 0 

4 Vertical Sync Start [4j 0 

3 Vertical Sync Start [3] 0 

2 Vertical Sync Start [2] 0 

1 Vertical Sync Start [1] 0 

0 Vertical Sync Start [0] 0 



NOTE: *?' in the above regster addresses s 'B' in Monochnome Mode and 'D* in Cotor Mode. 

The Vertical Sync Start field specifies the scanltne at which the Vertical Sync pulse is to 
become acxr^e. 

Access to this register is controlled by CRT CcntrDller Register CR3[7]. 

• When CRSfT] = 1 , this register is read/write. 

• When CR3[7] = 0. this register is wnte-only. 

Bit Oeseriptlon 

7:0 Vertical Sync Start [7:0]: 

The Vertcal SyrK field specifies the scanline at which the Vertical Sync pulse 
will become active. 

• This register contains the least-significant eight bits [7:0] of that field. 

• Bits [9:8) in CRT Controlier Register CR7r7^] extend this field to ten bits. 

For a summary of CRTC Timing Registers, refer to Figure 6-1 and Table 6-1 . 
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B»t 


DMcription 


7 


Wrtte Protect CR7 through CRO 


6 


Refresh Cyde Control 


5 


Disable Vertical Interrupt 


4 


Ctear Vertical Interrupt 


3 


Vertical Sync End [3] 


2 


Vertical Sync End [2] 


1 


Vertical Sync End [1] 


0 


Vertical Sync End [Oj 



6.4.19 CR11: Vertical Sync End Register 

I/O Port Address: 3?5 
Index; 11 

Reset State 

0 
0 
0 
0 
0 
0 
0 
0 

NOTE: in the above regster addresses is 'B' in Monochrome Mode and 'CX in Color Mode. 

This register specrftes the scanline at which the Vertical Sync pulse is to become inactive, 
thereby effecDveiy specifying the Vertical Sync pulse width. In addition, this register contains 
controls for the vertical interrupt and two miscellaneous control bits, CR11[7:6). 

Access to this register is controlted by CR3[7]' 

• When CR3[7} s 1 , this register is read/write. 

• When CR3(7] = 0. this register is wnte-only. 

Bit D escription 

7 Write Protect CRT through CRO: 

When this bit: 

• s 0. CRO through CR7 can be written normally. 

• = 1 . CRO through CR7 cannot be written, except for CR7[4J, which can al- 
ways t» wntten. 

6 Refresh Cycle Control: 

When this bit: 

• = 0. three refresh cycles will be executed per scanline. 

• = 1 . five refresh cycles will be executed per scanline. 

5 Disable Vertical Interrupt: 

When this bit: 

• s 0. vertical interrupt is enabled and functions normally. 

• = 1 . vertical interrupt is disabled, and the INTR pm cannot go active. 



4 Clear Vertical Interrupt: 

When this bit: 

• s 0. the Interrupt Pending Bit (FEATpi) ^ cleared to 0, and the INTR 
pin wilt t>e forced inactive. 

• = 1 . It has no effect 

Conunuea on next page. O^ms ^"f 
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6*4.19 CR11: Vertical Sync End Register (conl) 
BH Deeertption 



3:0 Vertical Syne End [3:0]: 



• This field determines the width of the Verticel Sync pulse. 

• The value of this field is compared with the least-significant four bits of the 
Scanime Counter When a match occurs, the Vertical Sync pulse is ended. 

• The Vertical Sync pulse is limited to 15 scanttnes. 

• The vertical sync end value to be programmed into this re^ster may be cal- 
culated as follows: 

FROM: Vertical sync start (value programmed in CR10 and CR7r7,2]) 

SUBTRACT - Vertical svnc width ras dasired^ 
TO GET: = Vertical sync end 

The vertical sync pulse must never be programmed to extend past the Vertical 
Total. 



For a summary of CRTC Timing Registers, refer to Figure 6-1 and Table 6-1. 



OS 



m 
m 

mi 
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6.4.20 CR12: Vertieal Display End Register 

I/O Port Address: 3?5 
Index: 12 

Bit Dsscriptlon 

7 Vertical Display End [7] 

6 Vertical Display End [6] 

5 Vertical Display End [5] 

4 Vertical Display End [4] 

3 Vertical Display End [3] 

2 Vertical Display End [2] 

1 Vertical Display End [1] 

0 Vertical Display End (Oj 

NOTE: *r in the above register addresses « 'B' in Monochrome Mode and 'O* in Color Mode, 

The Vertical Display End field is used to specify the scanline at which the display is to end. 

Bit Description i^^— 

7:0 Vertical Display End [7:0]: 

The Vertical Display End field is used to specify the scanline at which the dis- 
play IS to end. 

• The least-significant eight Ms [7:0] of this field are in this register. 

• The most-signrficant two bits [9:8] are in register CR7f6,1]. 

For a summary of CRTC Timing Registers, refer to Figure 6-1 and Table 6-1 . 



Reset State 

0 
0 
0 
0 
0 
0 
0 
0 
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6.4^1 CR13: Ofts«t Register 

I/O Port Address: 3?5 
Index: 13 



Bit Description Reset State 

7 Offset [7] 0 

6 Offset [6] 0 

5 Offset [5] 0 

4 Offset [4] 0 

3 Offset [3] 0 

2 Offset [2) 0 

1 Offset [1] 0 

0 Offset [0] 0 



NOTE: *?' in the above register addresses is 3' in Monochrome Mode and in Color Mode. 

This register specifies the display *prtch/ which is the dtstarioe in the display memory 
between the beginnings of adjacent character rows or scantines. 

Bit Description 

Offset [7:0]: 

This register specifies the distance in display memory between the t)egtnnings 
of adjacent character rows or scanlines. This field is extended to nine bits with 
Extension Register CR1B[4]. 

Except for the first scanline. to calculate the address from which to begin 
fetching data, add the contents of this register CR13 to the beginning address 
of the previous scanline or character row. Depending on the value of CR17[6]. 
the offset will shift left either no or one bit positions. 



43 
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6.4.22 CR14: Underline Row Scanline Register 

I/O Port Address: 3?5 
Index: 14 

Btt Description 

7 Reserved 

6 Double-Word Mode 

5 Count by Four 

4 Underline Scanline [4] 

3 Underline Scanline [3] 

2 Underline Scanline [2] 

1 Underline Scanline [1] 

0 Underttne Scanline [0] 



NOTE: 


in the above register addresses ts/B' In Mortochrome Mode and 'D* in Cotor Mode. 


This register is used to enable or disable access to the Extension Registers. 


ert 


Description 


7 


Resented 


6 


Double-Word Mode: 




When this bit: 




• is 1, doub(e*word addressing is selected. 




— The CRTC Memory Address Counter is rotated left for two bit positions. 




^ As a result, display n^emory address bits MA(1} and MA[0] are sourced 




from CRTC Address Counter bits (13) and [12], respectively. 




• IS 0. CR17I6] controls whether the CL-GD7542 uses the byte-address 




mode or the word-address mode. 


5 


Count by Four: 




When Double- Word mode: 




• IS not enabled (CR14[6] = 0). this bit must be cleared to 0. 




• IS enabled (CR14(6] = 1). this bit must be set to 1 to dock the Memory 




Address Counter with Character Clock divided by four. 


4 0 


Underiine Scanline [4:0]: 




Within a character ceil, this field spectftes the scanline where the underline 




occurs 



ReMt state 

0 
0 
0 
0 
0 
0 
0 
0 
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6.4^3 CR15: Vertical Blanking Start Register 

UO Port Address: 3?5 
Index: 15 



It! 



Bit Description 


Reset State 


7 Vertical Blanldng Start [T] 


0 


6 Vertical Blanking Start [6] 


0 


5 Vertical Blanking Start [5] 


0 


4 Vertk:al Blanking Start [4] 


0 


3 Vertical Blanking Start [3] 


0 


2 Vertical Blanking Start [2] 


. 0 


1 Vertk:al Blanking Start [1 j 


0 


0 Vertical Blanking Stan [0] 


0 


NOTE: *?' in the above regster addresses is 'B* in Monochrome Mo 


de and 'D* in Color Mode. 



M This register specifies the scanline at which blanking is to t)econ)e active. 

BH Description 



7:0 Vertical Blanking Start [7:0]: 

This 10-bit field specifies the scanline on which vertical blanking is to start. 

• The least-significant eight bits [7:0] of this fiekj are in this register. 

• The nnost-significant two bits [9:8] of this fiekl are in CRT Controller Regis- 
ters CR9[5) and CR7I3]. 

For a sumnnary of CRTC Timing Registers, refer to Figure 6-1 and Table 6-1 . 
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6.4.24 CR16: Vertical Blanking End Register 



I/O Port Address: 3?5 



(ndex: 16 



Bit Description 



Rssst State 



7 Vertical Blanking End [7] 

6 Vertical Blanking End [6] 

5 Vertical Blanking End [5] 

4 Vertical Blanking End [4] 

3 Vertical Blanking End [3] 

2 Vertkal Blanking End [2] 

1 Verticaf Blanking End [1] 

0 Vertical Blanking End [0] 



0 
0 
0 
0 
0 
0 
0 
0 



NOTE: in the above register addresses ts 'B' m Monochrome Mode and 'D* in Color Mode. 
The Vertical Blanking End field specifies the scanltne at wtuch vertical blanking is to end. 



The Vertical Blanking End fieki specifies the scanline at which vertical blank- 
ing is to end. When Extension Register CR1B[5] 

• s 0. the entire field is the eight bits of CRT Controller Register CR16[7:0}. 

• s 1 . the field is extended to ten t)fts with Extension Register CR1 Ar7:6]. 

The contents of the Vertical Blanking End field are compared to the scanltne 
counter to determine when to terminate vertical blanking. 

• If CR1B[5} ts 0. this oompanson limits ttie duration of vertical blanking to 
255 scanlines. 

• If CRi B[5} ts, this companson does not limit the duration of vertical blanking 
to 255 scanlines. (That is, t\e duration of vertical blanking may be more 
than 255 scanlines.) 

For a summary of CRTC Timing Registers, refer to Figure 6-1 and Table &-1 



Bh 



Description 



7:0 



Vertical Blanking End [7:0]: 
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6.4.25 CR17: Mode Control Register 

I/O Port Address: 3?5 
Index: 17 

BH Description 

7 CRTC Timing Logic Enable 

6 Byte/Word Address Mode 

5 Address Rotation 

4 Reserved 
3 Count by Two 
2 Multiply Vertical Registers by Two 
1 Compatibilrty-Mode (Hercules™) Support 
0 Compatibility-Mode (CGA) Support 

NOTE: in the above register addresses ts in Monochrome Mode and 'D* in Color Mode. 

This register contains a number of miscellaneous control bits. 

Brt Deecription ^ 

7 CRTC Timing Logic Enable: 
When this brt: 

• si, CRTC tming iogic is enabled and functions normally. 

• = 0, CRTC timing l ogic is disabled, forgng a reset condition. 

6 Byte/Word Address Mode: 

• When this bit = 1: 

— The Byte-Address mode is enabled. 

— Before the contents of the CRTC Address Counter are sent to display 
. memory, they are not rotated. 

• When this bit as 0: 

— The Word- Address mode is enabled. 

— Before the contents of the CRTC Address Counter are sent to display 
memory, they are rotated ieft one bit positon. 

5 Address Rotation: 

• When CR17(6] = 1. this bit is ignored. 

• WhenCR17[6]«0. 

— and this bit ts 1 . the left rotation descnbed in CR17[6] above involves 16 
bits of the CRTC Address Counter. 

— and this bit is 0. the left rotation descnbed in CR17f6] above involves 14 
br*' of the CRTC Address Counter. 

^ Reserved , 

Contmuea on next page 
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6.4^5 CR17: Mode Control Register (cont) 
Bit Description 



Count by Two: 
When this bit: 

• = 1 , the CL-QD7542 docks the Memory Address Counter with the Charac- 
ter Clock, drvkJed by two. 

• = 0. the CL-GD7542 clocks the Memory Address Counter with the Charac- 
ter Clock. ^ 

Multiply Vertical Registers by Two: 

When this bit: . ^ ^ 

• is 1, the Scanline Counter is docked with Horizontal Sync, divided by two. 
(In effect the Vertical Registers are muWpfied by two,) 

— This division allows the number of scantines to be doubled to 2048. 

— All penods will be even multiples of two scanltnes. 

• is 0. the Scaniine Counter is docked wtth Horizontal SyrK. 

— As a result the num ber of scanlines is 1024. 

Compatibility-Mode (Hercules™) Support: 

When this bit: 

• « 0. Scanline Counter bit [1 1 is substituted for CRTC Address Counter [1 4]. 
This substitution provides for Hercules™ compatibility. 

• = 1 , the substitution describe d above does not occur. 

CompaUblllty-Mode (CGA) Support: 

When this bit: 

• = 0. Scanline Counter bit [0] is substituted tor CRTC Address Counter (14). 
This substrtutjon provides for CGA compatibilrty. 

• = 1 . the substtubon descnbed above does not occur. 
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6.4.26 CR18: Line Compare Register 



1/0 Port Address: 3?5 



Index: 18 



Bit DMcrlption 



RM«t State 



7 Line Compare [7] 

6 Line Compare [6] 

5 Line Compare [5] 

4 Line Compare [4] 

3 Line Compare [3j 

2 Line Compare [2] 

1 Line Compare [1] 

0 Line Compare [0] 



0 
0 
0 
0 
0 
0 
0 
0 



NOTE: in the above register addresses is 'B' in Monochrome Mode and •D' in Color Mode. 

The Une Compare field is used Xo specify where Screen A ends and Screen B starts for a 
vertcaJty spirt screen. 



The Une Compare field ts used to implement a vertically split screen by speci- 
fying where Screen A ends and Screen B starts. 

• This register contains the eight least-significant bits [7:0] of this field. 

• The two most-significant bits [9:8] are in CR9(6] and CR7I4]. 

The top portion of the split screen is called Screen A. 

• Screen A may start anywhere in display memory. 

• Screen A can be panned and scrolled on a pixei*by*pixel t)asis. 

The bottom portion of the split screen is called Screen B. 

• Screen B always starts at location 0 in display memory, 

• Screen B cannot be panned or scrolled. 



Bit 



[)esertption 



7:0 



Line Compare [7:0]: 
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6.4.27 CR22: Graphics Controltor 0«t« Latehst R««dbaek Ragteter 

I/O Port Address: 3?S 
Index: 22 



Bit Description Reset Stste 

7 Graphics Controller Data Latch n Readback p] 0 

6 Graphics Controller Data Latch n Readback [6] 0 

5 Graphics Controller Data Latch n Readback [5] 0 

4 Graphics Controller Data Latch n ReadtMCk [4] 0 

3 Graphics Controiier Data Latch n Readback f3] 0 

2 Graphics Controller Data Latch n Readback [2] 0 

1 Graphics ContPDller Data Latch n Readback (1} 0 

0 Graphics Controller Data Latch n Readback [0] 0 



NOTE: in the above register addresses is 3* in Monochrome I^Aode and 'D* in Color iUlode. 

^ This register address is used to read the Graphics Controller Data Latches. 

Q Bit Description ^ 

Graphics Controiier Dau Latch n Readback [7:0]: 
This read-only register may be used to read back the contents of one of the 
four VGA graphics controller display memory data latches. 

• The number of the display memory data latch that is need back is selected 
with Graphics Controller Register GR4(1:0]. 

• The graphics controller data latches are loaded whenever display memory 
IS read by the CPU. 

i 

I 




7:0 



I 
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6.4.28 CR24: Attribute Controller Toggle Readback Register 

I/O Port Address: 3?5 
Index: 24 

Bit Description State 

7 Attribute Controlier Data-Index Toggle Readback 0 

6 Reserved 

5 Reserved 

4 Reserved 

3 Reserved 

2 Reserved 

1 Reserved 

0 Reserved 

NOTE: 7* in the above regster addresses is 'B* m Monochrome Mode and 'D* in Cotor Mode. 
This read-only register provides access to the Attribute Controller Toggle. 



Bit Description 



3 7 Attribute Controller Data-Index Toggle Readback: 

J When this bit: 

• = 1 . on the next access, the Attribute Controller reads or wrttes a data value. 
•= 0, on the next access, the Attribute Controller reads or writes an Index 

value. 



m 
m 



6:0 Reserved 
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6.4.29 CR26: Attribute Controfler index Readbaek Register 

i/0 Port Address: 3?5 
Index: 26 

Bit Description Reset State 

7 Reserved 
6 Reserved 

5 Video Enable Status 0 

4 Attribute Controller Index [4] 0 

3 Attribute Controller Index [3] 0 

2 Attribute Controller Index [2] 0 

1 Attribute Controller Index [1 ] 0 

0 Attribute Controller Index [0] 0 

NOTE: tn the above register addresses is 'B* in Monochrome Mode and 'D* in Color Mode. 
This read-only register provides access to the cun'ent Attribute Controller Index. 
Brt Description 



7:6 Reserved 



5 Video Enable Status: 

This brt provides the status of the Video Enable bit in Attribute Controller Index 
Register ARX[5]. 

4^0 Attribute Controller Index [4:0]: 

This field reads back the value that is in Attribute Controller Index ARX[4;0]. 



til 
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6.5.1 GRX: Graphics Controller Index Register 

I/O Port Address: 3CE 
trKtac (rVa) 



Bit Description Reset s 

7 Reserved 

6 Reserved 

5 Graphics Controller Index [5] 0 

4 Graphics Controller Index [4] 0 

3 Graphics Controller Index [3] 0 

2 Graphics Controlter Index [2] 0 

1 Graphics Controller index [ij 0 

0 Graphics Controller Index [Oj 0 



Thts register is used to specify a graphics controller register. 

BK Description 

7:6 Re served 

5:0 Graphics Controller Index [5:0]: 

This field specifies one of the following: 

• a register in the Graphics Controller group 

• an Extension Register that is accessed by the next UO read or I/O write to 
I/O Pon Address 3CF. 
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6.5^ GRO: Stt / RaMt Reglater 

I/O Port Address: 3CF 
Index: 0 

BH Description 

7 Write Mode 5 Background [7] / Reserved 

6 Write Mode 5 Background [6J / Reserved 

5 Write Mode 5 Background [5] / Reserved 

4 Write Mode 5 Background (4] / Reserved 

3 Write Mode 5 Background [3] / Set/Reset Plane 3 

2 Write Mode 5 Background (2] / Setff^eset Plane 2 

1 Write Mode 5 Background [1] / Set/Reset Plane 1 

0 Write Mode 5 Background [0] / Set/Reset Plane 0 



This register spedfies: 

• the background color. wl>en Extended Write Mode 5 is selected. 

• values to be written Into the respective display nr»emofy planes when the processor exe- 
cutes a Write Mode 0 or Write Mode 3 operation. 

For an overview of Write Modes, refer to the description In Graphics Controller Register GR5. 

Brt Deecripti on 

7:0 Write Mode 5 Background [7:0]: 

When Graphics Controller Register GR5[2:0] selects Extended Write Mode 5. 
these brts [7:0] specify the backgrou nd color for Extended Write Mode 5. 

74 ^ Reserved: 

• When Graphics Controller Register GR5[2:0] does not select Extended 
Wnte Mode 5, these bits are reserved. 

• When Extension Register GRB[21: 

— is 0. wntes to these bits are ignored, and reads return zeroes. 

— IS 1 , these bits are read/wnte, but brt contents ar e not used. 

3 0 Set/Reset Plane [3:0]: 

When Graphics Controller Register GR5(2:0] does not select Extended Write 
Mode 5. these bits [3:0] control the values written into the respective display 
memory planes for Wnte Mode 3 and Wnte Mode 0, 



Reset State 

0 
0 
0 
0 
0 
0 
0 
0 
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6.5.3 GR1 : S«t / R«Mt Enable Register 

1/0 Port Address: 3CF 
Index: 1 

Bit Deeciiption 

7 Wnte Mode 4. 5 Foreground [7] /Reserved 

6 Write Mode 4, 5 Foreground [6] / Reserved 

5 Wrtte Mode 4. 5 Foreground [51 / Reserved 

4 Wrrte Mode 4. 5 Foreground (4) / Reserved 

3 Write Mode 4. 5 Foreground [3] / EnaM Set/Reset Plar)e 3 

2 Write Mode 4. 5 Foreground [2] / Enable Set/Reeet Plane 2 

1 Write Mode 4, 5 Foreground (1] / Enable Set/Reeet Plane 1 

0 Write Mode 4, 5 Foreground [0] / Enable Set/RMSt Plane 0 

This register 

• defines the foreground color when Extended Write Mode 4 or 5 is selected. 

• IS used with Graphics Controller Register GRO to determine values to be written into the 
respective display memory ptanes wi^ Write Mode 0 is selected. 

For an overview of Write Modes, refer to the description in Graphics Controller Register GR5. 



Bit Deeerlptton 

7:0 Write Mode 4, 5 Foreground r7:0]: 

These bits specify the foreground odor for an Extef>ded Write Mode when: 

• Extended Write Mode 4 is selected. 
(Graphics Controller Register GR5[2:0] is 100). 

• Extended Write Mode 5 is selected. 
(Graphics Controller Register Gn5{2:0] is 101). 

7 4 Reserved: 

• When Graphics Controller Register GR5[2:0] selects Extended Write Mode 
4 or 5. these bits are reserved. 

• When Extension Register GRB[2]: 

— ts 0. wmes to these bits are ignored, and reads return zeroes. 
~ IS 1 . these bits are read^vnte. but t>ft contents are not used. 

3 0 Enable Set / Reset Plane [3:0]: 

When Wnte Mode 0 ts seleaed (Graphics Controller Register GR5[2:0] ts 000) 
ar when a Dit in this fietd: 

• = 1. the corresponding value in Graphics Controller Register GR0[3:0] ts 
wntten into the corresponding display memory plane. 

• = 0, the coaesponding value from the CPU data bus is wntten into the cor- 
responding display memory plane. 
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GR2: Color Compart Regittor 


I/O Port Address: 3CF 


Index: 2 




Bit 


Deecrlptlon 


7 


Reserved 


6 


Reserved 


5 


Resent 


4 


Reserved 


3 


Color Compare Plar>e [3] 


2 


Color Compare Plane [2] 


1 


Color Compare Plane [1] 


0 


Color Compare Plane [0] 



Reset State 



0 
0 
0 
0 



m 
m 



TTiis register specifies the color compare plane(s) for Read Mode 1 . 
Bit Deeertption 



7:4 



3:0 



Reserved 



Color Compare Plane [3:0]: 

This field represents a color companson value consisting of 1 to 4 bits. 

• GR5[3] must be set to 1 (Read Mode 1 is selected) to enable this tekj. 

• GR7I3:0] bits select display memory data plarm for the oompartson below. 

• For each selected display memory data plane, the color value of the corre- 
sponding brt tn this field is compared to the color of the eight neighbonng 
honzontal pixels in the corresporxling display memory data plane. (For dis- 
play memory data planes that are not chosen, their data is forced to match 
the values of the other data planes, becoming a 'don't care' in the process.) 

• The eight bits from the companson are read into the CPU. 



Compare. 
Data X j 



GR2 Bits [3:0] 
Bit 3m i Compari- 
son #1 

Bit 2m I 



Bit 1« 
Bit 0* 




^OOOOOOO Data Plane 3 



5000 Data Plane 2 



)OOO0O Data Plane 1 
/^Jj^oooooo Data Plane 0 



Display 
Memory 
Data Plar>es 

[3:0] 
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6.5.5 GR3: DaU Rotate Register 

I/O Port Address: 3CF 
Index: 3 

Bit Description 

7 Reserved 
6 Reserved 
5 Reserved 
4 Logical Function Select [1] 

3 Logical Function Select [0] 

2 Data Rotate Count [2] 

1 Data Rotate Count [1] 

0 Data Rotate Count [0] 

Tbis register contains two fields that are used with Write Modes 0 and 3. 

Bit Description 

7:5 Reserved 

4:3 Logical Function Select [1:0]: 

This two^ field: 

• is used for Wrtte Mode 0 only (Graphics Controller Register GR5(2:0] is 
000). 

• selects the logical function operation that takes place between the data in 
the CPU data latches and the data from the CPU or Set^eset Logic. The 
result of the functional operation is written into dtspiay memory. 



The logical function operatons are summarized in the following taPle: 



GR3 


Logical FurKtion Operation 


w 


t3J 


0 


0 


Horm, Th» dati r> itm tatenM ar« tgnortd. 


0 


1 


Dm r utcnM • logcaffy ANCM w 


ithdctatn 


xn CPU or Set/R«aat Logc 


1 


0 


OiU r iBtOtm m to^caty OR«d wrl 


h data tro 


m CPU or Set/Reaat Logic 


1 


1 


Data n latc^es a lo^icatfy XORad w 


1th data fn 


onx CPU or Sat/Reset Loqc 



Reeet State 



0 
0 
0 
0 
0 



2 0 Data Rotate Count [2:0]: 

This fteld allows data from the CPU bus to t>6 rotated up to seven bit positions 
pnor to being altered by the Set/Reset logic. 
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6.5.6 GR4: Raad Map Plane Select Regiatar 

i/0 Port Address: 3CF 
Index: 4 



Bn DeacripUon ««« « 

7 Reserved 

6 Reserved 

5 Reserved 

4 Reserved 

3 Reserved 

2 Reserved 

1 Display Memory Data Plar\e Select [1] 0 

0 Display Memory Data Plane Select [0] 0 



This register is used to select a display menrwry data plane for Read Mode 0. (For an over- 
view of the Wme Modes, refer to the descnption in GR5.) 

Bit Description 

7:2 Reserved 

^ 0 Display Memory Data Plane Select (1 :0]: 

This field: 

• ts used only when Read Mode 0 is selected (Graphics Controller Register 

GR5[3] = 1). 

• spedlies the display memory data plane selected for a read by Read Mode 
0. as shown in the following table: 



GR4 


Display Memory Data Plane Selected 
for Read by Read Mode 0 


[1] 


[0] 


0 


0 


DopUy Memory Data Ptarw 0 


0 


1 


Otapiay Memory Data Ptarw 1 


1 


0 


Dtsolay Memory Dau Ptane 2 


1 


1 1 DiSQUy Memory Data PUne 3 
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6.5.7 GR5: Mo<to Register 

I/O Port Address: 3CF 
index: 5 

Bit DMcHptlon 
7 Reserved 

6 256-Color Mode 

5 Video Data Shift Register Mode 

4 Odd/Even Addressing Mode 

3 Read Mode 
2 Wrtte Mode [2] 
t Wrtte Mode (1] 
0 Wrtte Mode [0] 

This register specifies the Write Mode and Read Mode. In addttion, ft controls the configura- 
tion of the video data shift registers. 

Bit De ecription 

7 Rese rved 

6 256-Color Mode: 
When this bit 

• = 1 , video data shift registers are configured for 2S6-color video modes, and 
Graphics Controller Register GR5(5] is ignored. 

• a 0, video data shift registers are configured for 16-, 4-» or 2-color video 
modes. 

5 Video DaU Shift Register Mode: 

When this bit: 

• = 0. video data shift registers are configured for EGA compatibilrty. 

• = 1 , video data shift registers are configured for CGA compatibility, which is 
used for video modes 4 and 5. 

4 Odd/Even Addressing Mode: 

• When this brt is 1 , the CL-GD7542 is configured for odd/even addressing. 

• This bit should always be programmed to the opposite value as Sequencer 
Register SR4[2]. 

Continued on next page. 
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6^.7 GR5: Mode Register (oont) 
Bit Deecription 

3 Raad Mode: 

This bit specifies whether the CL-G07542 is in Read Mode 0 or Read Mode 1 



QR5 

[3] 


Read Mode 


CPU Reed Source 


0 


Read Mode 0 


CPU reads data dncdy from depiay memory 


1 


Read Mode 1 


CPU reedi data mat reeuta fron me color-oompaie 109c of GR2 



Read Mode (h 

• During Read Mode 0, the CPU reads data direcdy from dtspiay memory. 

• Read Mode 0 returns eight adiacent bets of the display memory data plane 
specified in GR4[1:0]. 

• Read Mode 0 does not use tt)e color-compare logic of register Graphics 
Controller Register GR2. 

• A Read Mode 0 operation can be forced wfth an I/O read of CRT Controller 
Register CR22. the Graphics Controller Data Latches Readback Register. 

Read Model: 

• During Read Mode 1 , the CPU reads data that results from the color-conrv 
pare logic of Graphics Controller Register GR2. 

• Read Mode 1 allows eight adjacent pixels (1 6-color modes) to be compared 
to a specified color value in a single operation. Each of the eight bits re- 
turned to the CPU indicates the result of a comparison between the four bits 
of the Color Compare (Graphics Controller Register GR2(3:0]) and the bits 
from the four display memory plarws. 

• When the four bits of the Color Compare operation match the four bits from 
me display menDory data planes, a 1 is returned for the corresponding brt 
position. 

• When any brts in the Color Don't Care Plane (Graphics Controller Register 
GR7[3:0]) are zeroes, the value tn the corresponding dtspiay memory data 
plane is forced to match the values of the other data planes, becoming a 
•don't care" m the process. 

Continue0 on next page. 
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6^.7 GR5: Mode Register foont; 

Bit D escription — — — — — — — 

2:0 Write Mode (2:0]: 

These bits specify if the CL-QD7542 is in Wrtte or Extended Write Mode. 

• When Extension Register GRB[2}sO, GR5{2] is forced to 0. 



GR5 


Write Modt Siitcted 


m 


[1] 


[0] 


0 


0 


0 


GRB(2]«0 
GRSt2]«0 


Wi1t*Mod»0 


0 


0 


1 


Wrt»Mod»l 


0 


1 


0 


Wrtt»Moda2 


0 


1 


1 


Wrtt»Mod»3 


1 


0 


0 


ExmdadWrii«Mod»4 


1 


0 


1 


£xt«nd0dWrtt«Mob«5 


1 


1 


0 


RM*rv«d 


1 


1 


1 





Write Mode 0: 

• Each of the four display memory data planes is written with the CPU data 
rotated t>y the number of counts m Graphics Controller Register GR3[2:0]. 

• When a t)it in Graphics Controller Register GR1[3:0] is 1: 

— the corresponding display memory data plane is written with the 
contents of the corresponding bit in GR0[3:0]. 

— under the control of GR3(4:3]» the contents of CPU data latches may be 
logically combined wrth data from* the set/reset logic. 

• Bit planes are enabled with Sequercer Register SR2[3:0]. 

• Bit positions are enabled wrth Graphics Controller Register GR8. 

Write Mode 1: 

• Each of the four display memory data planes is wrrtten with data in CPU 
data latches, loaded from display memory by a previous read. 

• Wnte Mode 1 ignores Graphics Controller Register GR8. 

Write Mode 2: 

• Display memory data planes [3:0] are wntten with CPU data bit values [3:0]. 

• Bit planes are enabled with Sequencer Register SR2[3:0]. 

• Bit positions are enabled with Graphics Controller Register GR8. 

• Write Mode 2 ignores the data rotator, set/reset* and function-select fields. 



Write Mode 3: 

• Display memory plane data comes from corresponding bits of GR0(3:0]. 

• The bit-posidon-enabie field is formed with the logical AND of Graphics 
Controller Register GR8 and the rotated CPU data. 

• Wnte Mode 3 ignores the set/reset and function-select fields. 

Continuea on next page 
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GR5: Mod* Ragister /oonr.; 
Bit DMcriptioh 



2:0(cont ) Extanded Wrtta Moda 4: 

• Tha oontants of GR1 [7:0] ara written into up to eight adjaoent pixels. 

• The CPU data bits are used to control whether a pixel is written. 

— When a CPU data bit is a 1. the corresponding pixel is written. 

— When a CPU data bit is a 0, the corresponding pixel is not changed. 

• This mode can be used for 256-cotor text expansion for which the back- 
ground is to t)e preserved. 

• This mode can also be used for 64K-oolor text expa n sion for which the 
background is to be preserved. 

Extended Wrtta Mode 5: 

• The contents of either QR1I7:0) or GR0(7:0] are written into each of eight 
adjacent paels. 

• For each of the eight pixels, the choice between GR1 and GRO is made ac- 
cording to the value of the conrespor)ding bit of the CPU data, summarized 
in the following table. 



CPU Data 


GR0/GR1 


Note 


0 


GRO 


Background 


1 


GR1 


Fomground 



This mode ts inter)ded for 256-color text expansion, for which both the fore- 
ground and background are to be wrrtten. 

This mode can aiso be used for G4K«color text expansion for which both the 
foreground and background are to be written. 
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6.5.8 QRS: MiSMllarwous Regittor 

I/O Port Address: 3CF 
Index: 6 



Bit Oeecrtptlort RMet State 

7 Reserved 

6 Reserved 

5 Reserved 

4 Reserved 

3 Display Memory Map [1 ) 0 

2 Display Memory Map [0] 0 

1 Chain Odd Maps to Even 0 

0 Graphics Mode 0 

This register contains miscellaneous control bits. 

Bit Description 



7:4 Reserved 

3^2 Display IMemory Map [1:0]: 

This fietd spedfies the t>eginnir)g address and size of the display memory in 
the CPU host address space. This field is summarized tn the foilowing table: 



GR6 


Display 
MefHO^ 
MapPUne 


Display Memory 
Addreaain 
CPU Host 

Address Space 


Display 
Memo^f 

Size 
(Kbytes) 


Affected 
Mode(s) 


[3] 


m 


0 


0 


0 


AOOOrO to BFFF:F 


126 


Extonded 


0 


1 


, 1 


A000:0 to AFFF:F 


64 


EGA/VGA 


1 


0 


2 


BOOO:OtoBFFf:F 


32 


Harcutas 


1 


1 


3 


8600:0 to BFFF:F 


32 


CQA 



1 Chain Odd Maps to Even: 

• When this bii is 1. CPU Address Brt[0] is replaced with a higher-order ad- 
dress brt This replacement causes the even host addresses to access 
Planes 0 and 2. and the odd host addresses to access Planes 1 and 3. 

• This mode is useful tor MDA emulation, 

0 Graphics Mode: 

When this bit: 

• = 0, the CL-GD7542 lunctions in text (alphanumeric) modes. 
* = 1 . the CL-GD7542 functions in graphics (all-points-addressable) modes. 
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6.5.9 GR7; Color Oon't*Caro Plana Ragiater 

I/O Port Address: 3CF 
Index: 7 



Bit Daaeription Raaet State 

7 Reserved 

6 Reserved 

5 Reserved 

4 Reserved 

3 Color Don>Care P\aoe [3] 0 

2 Color Don't-Care Plane [2] 0 

1 Color Don't-care Pianel lj 0 

0 Color Don1*Care Ptane [0] 0 

This register is used with Graphics Controller Register GR2 for Read Mode 1 accesses. (For 
an overview of the Read Modes, refer to the description of Graphics Controller Register 

GR5.) 

|9 Bit Oesenption 

lli 7*4 Reserved 

% To Color I>on*t*Care Plane [3:0}: 

M These four bits are used to control color compare logic tor the four Color 

4$? Don't-care Planes. If a bit: 

p • s 1 , the corresponding plane is involved in color compares. 

Ct^ • = 0. the corresponding plane is r\ox involved in color compares. 
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6.5.10 GRS: Oitpity Memory Bit Mask Register 

t/0 Port Address: 3CF 
index* 8 



Bit Description Reset State 

7 Display Memory Bit Write EnaWe [7) 0 

6 Display Memory Bit Write EnaM [6) 0 

5 Display Memory Bit Write Enable [5] 0 

4 Display Memory Btt Wrtte Enable [4] 0 

3 Display Memory Bit Write Enable [3] 0 

2 Display Memory Bit Write Enable [2] 0 

1 Display Memory Bit Wrtte Enable [1] 0 

0 Display Memory Bit Write Enable (Oj 0 



This register is used to control writing to display memory on a bit bams in Write Modes 0, 2, 

and 3. 

Bit Description 

7:0 Display Memory Bit Wrtte Enable [7:0]: 

Each bet in this register controls whether the corresponding bit in display mem- 
ory is written in Write Modes 0. 2, or 3. When a bit* 

• s 1 . the corresponding bit in display memory is wrftten. 

• = 0, the con-esponding brt in display memory is not written. 
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6,6.1 ARX: Attribute Controller Index Register 

I/O Port Address: 3C0 (Wrtte) 3C1 (Read) 
Index: (n/a) 



Bit Description Reset State 

7 Reserved 

6 Reserved 

5 Video Enable 0 

4 Attribute Controller Index [4] 0 

3 Attribute Controlter Index [3] 0 

2 Attribute Controller Index [2] 0 

1 Attribute Controller Index [l j 0 

0 Attribute Controller Index [oj 0 



This register is used to specify the register in the Attribute Controller block that is accessed 
with the next I/O write to 3C0 or I/O read to 3C1 . 

For the Attribute Controller block, both the index and data registers are at the same port 
addresses, unlike other blocks, for whtch index and data registers are at different port 
addresses. 

Alternate writes to ARX toggle between index and data. The CRT Controller Register CR24 
provides access to the Attnbute Controlter Toggle, which reads or writes either a data value 
or an irvlex value. 



Bit Description 



7:6 


Reserved 


5 


Video Enable: 




When this bit: 




• s 0. the screen displays the color indicated by AR1 1 . 




* s 1 . the screen displays normal video. 


40 


Attribute Controller Index [4:0]: 

This f}M is tr>e index to the Attribute Controller data registers. The CRT Con- 
troller Register CR24 provides access to the cun'ent Attribute Controlter index 
value. 
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6.6.2 ARO to ARF: Attribut* Controller Palette R«gl»t«r» 



I/O Port Address: 3C0 (Write) 3C1 (Read) 




Index: 0:F 






Bit 


Description 


RMet State 


7 


Reserved 




6 


Reserved 




5 


Secondary Red 


0 
0 


4 


Secondary Green / Intensity 


0 


3 


Secondary Blue / Monochrome 


0 


2 


Red 


0 


1 


Green 


0 


0 


Blue 




These bits act as pointers to palette entries. 




BK 






7:6 


Reserved 





^'^ ^n1S:^TxlS and graphics modes, the digital attribute 

entries in this register are chosen by the four Wts of pixel data, afxj they point 
to palette merrwry entnes. -.•K-.nAr^.it 

• The palette memory entnes are normally programmed, and so the DAC out- 
puts reflect these values. ^ ^ er-A 

• As a result the palette memory is programmed to simulate standard EGA 

colors. 
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6.6.3 AR10: Attribute Controller Mode Register 

I/O Port Address: 3C0 {Write) 3C1 (Read) 
Index: 10 



Btt 


Description 


Reeot State 


7 


AR14 Video Source Enable 


0 


6 


Pixel Double-Clock Select 


0 


5 


Pixel Panning Compatibility 


0 


4 


Reserved 




3 


Character Blink Enable 


0 


2 


Line Graphics Enable 


0 


1 


Display Type 


0 


0 


Graphics Mode 


0 



This register contains some misoellaneous control bits for the Attrft»ute Controller 
Bit Description 

7 AR14 Video Source Enable: 

• When an 16-. or 24-bit pixel mode is chosen, this bit ts ignored. 

• When this bit: 

* s 1. AR14(1:0] are used as the source for the Color Lookup Table 
address bits [5:4], which allows rapid selection of four 1&-color palettes. 

— = 0. palette registers ARC to ARF[5:4) are used as the source for the 
Color Lookup Table address bits [5:4]. 

6 Pixel Doubte-Clock Select: 

• When this b(t is 0. pixels are docked on every cycle. 

• When this bit is 1 . pixels are docked.on every other dock cycle. Also: 

* Registers ARC to ARF are by^>assed. 

— This bit setting is used with Mode 13. 

— The CL*GD7&42 sequencer logic operates at twice the pixel dock rate. 

5 Pixel Panning Compatit>llity: 

When this bit: 

• = 0. the two parts of a split screen pan together. 

• r 1, a line compare match in the CRTC forces the output of the AR1 3 Pixel 
Panning Register to a 0 until the next VSYNC occurs. This action allows the 
panning of Screen A without Saeen B. 

4 Reserved 

3 Character Blink Enable: 

When this bit: 

• s 0. Character blinking ts disabled 

• si. Character blinking is enabled at the frequency rate of vertical refresh, 
divided by 32. . 
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6.6.3 AR10:Attribut«Controll«rHodeR«fll«t«rrcong 

Bit D— cripMon 

LiiM Graphics Enable: 

Se 9raph.es. tor characters code s in th« mnga CO through DF. 

^I'S^ ori^ « the CL^D7542 is tr, ^^^^^SST^ '''' 
V^X the AtWbuie Byte ^ntenj ^^^^ SSSSSSe attributes. 
. = 1 . the AttrtHjte Byte contents are treatea as MUA-oon^"»«- 

The following table shows exarnples o» monochrome attributes 



1^ 



BH MinHions for Attribut* Byt» 


H«X 
Codo 
Of 
Attributo 
Byte 


Monoetironw 
Attribifto 
Byto 


Blink 
Bit 

[7] 


Background 
BiU 


Inton- 
•tty 
BK 

(3] 


Foroground 
Bits 


[6] 


15] 


[41 


m 


HI 


m 


0 


0 


0 


0 


0 








07h 


Nonnal 


0 


0 


0 


0 


1 


1 




1 


OFh 


Intmo 


0 


0 


0 


0 


0 


0 


0 


1 


01 h 


Und»f1ine 


0 


0 


0 


0 


1 


0 


0 




09h 


Undttrtme intense 


0 


1 


1 




0 


0 


0 


0 


70h 


Revene 


1 


1 


^ 1 ^ 


0 


0 


0 


0 


FOh 


Bin^ong Revene 



Graphics Mode: 

!^^"o^Jhe Attribute Controlter functions in text (aipnanumenc) modes. 
• = y the Attnbute Controlter functions in graphics (all-potnts-addressable) 
modes. «_===== 
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6.6.4 AR11: Oversean (Bordar) Color Register 

1/0 Port Address: 300 (Write) 301 (Read) 
Index: 11 

6(t DsMription RoMt State 



7 Reserved 

6 Reserved 

5 (Border Cotor Bit) Secondary Red 0 

4 (Border Color Bit) Secondary Green 0 

3 (Border Color Bit) Secondary Blue 0 

2 (Border Color Bit) Red 0 

1 (Border Cotor Bit) Green 0 

0 (Border Color Bit) Blue 0 



TTiis register points to the entry in the Color Lookup Table that defines the Border Color 

• As shown in Figure 6*1 at CRT Controller Register CRO, the border is defined as that por* 
tion of the raster between bianiong and active video, on ail four sides of the screen. 

• Typically, the Color Lookup Table entries are programmed, and so the odor defined by the 
bits above is the color that results. 



Bit 


Description 


7:5 


Reserved 


5.0 


Border Color Bits [5:0]: 




Depending on if the CQA or EGA mode is in use, either four of these bits (for 




CGA) or SIX of these bits (tor EGA) are used to select the Color Lookup Table 




entry tor the Border Cotor in CGA and EGA Modes. 
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6.6.5 AR12: Color Piano Enablo Ragiator 

I/O Port Address: 300 (Wrtte) 301 (Read) 
Index: 12 



Bit Deaeription Reaot State 

7 Reserved 

6 Reserved 

5 Video Status Mux [1] 0 

4 Video Status Mux [o] 0 

3 Color Plane Enable [3] 0 

2 Color Plane Enable [2] 0 

1 Color Plane Enable [1] 0 

0 Color Plane Enable [0] 0 



This register oontains: 

• a field that chooses the tnputs for diagnostic bits in STAT|5:4]. 

• a field that enables the four color planes in the Atthbute Controller Palette Registers. 



Bit Desciiption 
7:6 Reserved 

5^4 Video Status Mux [1:0]: 

This field chooses the inputs tor the diagnostic status bits in STAT[5:4] as indi- 
cated in the following table: 



AR12 


STAT 


[5] 


14) 




[41 


0 


0 


FP(2] Rea 


FPfOl Blue 


0 


1 


FPt3) Secondary Blue 


FF(1] Green 


1 


0 


FP(5] S«condaiy ned 


FPI4) Secondery Green 


^ 1 1 


FPfT) 


FP[6] 



Contmuea on next page 
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6,6^ AR12: Color Plane Enabia ReglttBr (corn) 

Bit DMcription 

3:0 Color Plana Enable [3:0]: 

This field controls which display memory data plane will send data to a con-e- 
sponding attribute controlJer color palette register* as shown in the fdllcwing 
table: 



AR12Bft/ 
State 


Dtapiay Memory 
Data Plane 


Result 


ARl2f31«0 


Piana3 


PtanadtftaMd. 


AR12(3] ■ 1 


Plana 3 data M«i 


idad for Color PaMa Ra^itar 3. 


AR12(2) « 0 


Ptan«2 


Plana2tebM. 


AR12{2]«1 


Plane 2 data salt 


dad for Color Palena RegMar 2. 


AR12(1]*0 




Ptanal tfaabML 


AR12|1)«1 


Plana 1 data sala 


Clad for Color PaMa Ra^Atr i . 


AR12(0)«0 


PUM 0 


Pttna 0 tftadlad. 


AR12{0] ai 1 


Ptana 0 data aele 


CM for Color Palatla Ra^Aar 0. 



CL 28619 



ATTRIBUTE CONTROLLER REGISTERS 



CL'G07542 (Nordic) Technical Reference Manual 



6.6.6 AR13: Pixel Panning Regiatar 

1/0 Port Address: SCO (Write) 3C1 (Raad) 
Index: 13 



Bit 

7 
6 
5 
4 
3 
2 
1 
0 



Daaciiptlon 
Reserved 
Reserved 
Reserved 
Reserved 
Pixel Panning [3] 
Pixel Panning [2} 
Pixal Panning (lj 
Pixel Panning [oj 



Reset State 



0 
0 
0 
0 



IP 



w 

il 

w 



This register 

• specffies the number of pixels the display data are shifted to the left 

« functions both in the graphics (alhpoints-addressable) and text (alphanumeric) modes. 



Brt 



7:4 



3:0 



Description 



Reserved 



PixeC Panning p:0]: 

This field controls fine panning on a ptxel-by-pixel basis by specifying the num- 
ber of ptxels the display data are shifted to the teft. The values programnDed 
tnto AR1 3(3:0] are interpreted as indicated in the following table: 



1 AR13 


Hex 
Code 


Shift for 
9-eK 
Cttaractars 


Shm for 
MIt 
Characters 


Shfftfof 
Mode 13 




[2] 


11} 


[01 


0 


0 


0 


0 


Oh 


1 Mteft 


(none) 


(none) 


1 0 


0 


0 


1 


1h 


2b«ii«fi 


1 MM 




i ° 


0 


1 


0 


2h 


Ztmm 


2tNtBleft 


1 MtM 


! 0 


0 


1 


1 


3h 


4Msiatt 


3bitelett 




< 0 


1 


0 


0 


4h j SMsiaft 


4 bits left 


2b(lsleft 


1 0 1 1 1 0 


1 


5h j SlHtsiet! 


Sbrtsieft 




0 1 1 1 1 0 


6h { 7t>«ts»ett 


6b(tslefi 


3brtstetl 


0 1 ^ 


^ 1 ^ 


7t\ 1 6 Ms left 


7b(tSltft 




1000 to nil 


8ri • Fh 1 no sftifl 


1 bit n^t 
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6.6.7 AR14: Color Soloet R«gist«r 

I/O Port Address: 3C0 (Write) 3C1 (Read) 
Ir^dex: 14 



Bit 


Description 


Resets 


7 


Reserved 




6 


Reserved 




5 


Reserved 




4 


Reserved 




3 


Color Bit C [7] 


0 


2 


Cok)r Bit C [6] 


0 


1 


Color BitC[5] 


0 


0 


Color Bit C [4] 


0 



This register contains two ftelds that are involved in the selection of addresses into the Color 
Lookup Tat}te. 

Bit Oeecnpiion 

7:4 Reserved 



3:2 Color Bits C [7:6]: 

• In 6-, 16-, arKj 24-bit pixel modes, these bits are tgr)ored. 

• These two bits are concatenated with the six bits from the Attribute Control- 
ler Palette Registers ARC to ARP to form the address into the Color Lookup 
Table and to dnve flat-panel interface pins PPf7:6]. 

7*0 Color BlU C [5:4]: 

• In 16-. and 24-bit pixet modes, these bits are ignored. 

• WhenAR10[7J: 

— IS 0. tt^se two bits are ignored. 

* (5 1 , these two bits replace the corresponding two bits from the Attribute 
Controller Palette Registers ARC to ARF to form the address into the 
Color Lookup Table and to dnve flat-panel intertaoe pins FP[5:4]. 
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EXTENSION REGISTERS 



6.7.1 SR6: Unlock All Extansiona Ragistert 

1/0 Port Address: 3C5 
index: 6 



Bit DMcriptlon R«Mt State 

7 Not Used X 

6 Not Used X 

5 Not Used X 

4 Un»ock All Extension Registers 1 

3 Not Used X 

2 Unlock All Extension Registers 0 

1 Unlock All Extension Registers 1 

0 Unlock All Extension Registers 0 



This register is used to enable or disable access to ail Extension Registers. 
Btt Description 

7:0 Unlock All Extensions Registers (Aocete Value): 

When the value of this field: 

* is)ooc1x010: 

— The field will be read as 00010010. 

— Extension Registers will be unlocked (enabled) for read/write access. 

• IS any other value: 

— The field will be read as 00001111. 

— Extension Registers will be disabled for read/wrtte access. 
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6.7^ SR7: Extended Sequencer Mode Regieter 

I/O Port Address: 3CS 
(ndex; 7 



Bit Oeecription RtMt Stste 

7 Memory Segment Select [3] 0 

6 Memory Segment Seiect [2] 0 

5 Memory Segment Select [1] 0 

4 Memory Segment Select [oj 0 

3 Reserved 

2 Select CRTC Character Clock Divider 11] 0 

1 Select CRTC Character Clock Olvktor (oj 0 

0 Select High-Resolution Packed-Pixel Mode 0 



This register has several purposes which are descht>ed in the following bit descriptions. 
Bit Oeeeiiptlon 

7 4 Memory Segment Select [3:0]: 

• When this programmed field value is OOCX): 

— the CL-GD7S42 will Oe configured for standard VGA display nDemory 
addressmg, responding to memory accesses at Ajoocx, or Bxxx:x, or 
both, as spedfied by GR6f3:2]. 

• When triis programmed field value is other than 0000: 

— the CL-GD7542 will be configured tor 1 -Mbyte linear memory 
addressing. 

— the CL*GD7542 will respond to any memory access for which CPU 
address b«ts(23:20] match this field value. 

• When this programmed field value is other than 0000 and 

— when there ts a full one Mbyte of dispiay memory installed, 

and the CL-GD7542 is configured for extended 25G-color chains, 
then the 1 -Mbyte address range will have one-to-one mapping to the 
or\e Mbyte of installed display memory. 

— when the CL-GD7542 is configured for unchained, x8. or x16 
addressing, then it wilt respond to the entire 1 -Mbyte range, but address 
wrapping will take place. 

— GRB(5) IS programmed to a 1 . then SR7(4) becomes a don't-care bit. 
and the CL-GD7S42 will respond to a 2-Mbyte address. 

3 Reserved 

, Continuea on oejrT page. 
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6.72 SR7: Extended S«?u«ieer Mode Begifterrooflf.; 
BH Deecfiptten 

T^ select CRTC ^^^''^.'^^ca^cS^Oot^ is divided down, as iruiicated 

This field selects how the CRTC cnaracwr uwws 

in the following table: 



SR7 



m 



II] 



CRTC Cheraeler Clock Ohrtder Mode 



CRTCChawewf Cioefc-«-2Wf lewt^hrtda 




CRTC Character Clock + 2 for IS-Blt/Plxel Data: 

rVo.'S^ vZ^^^ Register are dojed a. VCl^^^JJ^byte rate 
. me CRTC is Clocked w>th a character clock of 8 pocels (16 VCLKs) 

r«C°S--tor640x480n,^sa^8^^^ 

1 6.bit pixels to be programmed in units of an 8-pixel character dock. 
. Offset Register CRl 3 to be set to: 

— AOh for 640 X 480 mode 

— C8h for 800 X 600 mode 

. The hardware cursor x-poation to be set in P«el unite. 
. The Cursor Data Invert function to operate on 1 5-. 1 6-. or 1 B-bit RC3B aaia 
presented to the DAC. 

CRTC Character Clock + 3 for 24.BitA»lxel Data: 

When this mode is selected: . ^ ^ «^ wri k data bvte rate 

. the DAC and Video Shift Register e dodced at the VCLX date bje 
. the CRTC IS docked with a charader clock of 8 pixels (24 VCLKs) 

:\Tc™.Sg?are for 640 x 480 modes with 24.b.t pixels to be pro- 

grammed in units of an 8-pixel character dock. 
. Offset Register CR13 Offset Register to be set to FOh. 
The hardware cursor is not supported in this configuration. 



ContmueO on next page. 
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6.72 SR7: Extended S«»ueneer Mode Register rajnt; 



Bit 

(oont) 



De ecriptlon 

S«taet CRTC Cherecter Clock wvioer [1:0]: 

16>Bit/Plxei Data at Pixel Rate: 

. ?i*<SS^t PI7:0] will be only the tow-byte of the pixel data. (The high-byte 

of the pixel data is not available externally.) 
- ?T,te r«KKJe also provides for 1024 X 768 display mo^ 

caior. a rwj with VCLK equal to the pixel rate. 
Select Hlgh-Reeolution Packed-Pixel Mode: 

TvSd^!)%'Sfi*rJg.sters are configured so one char«aer dock equals 8 pixels. 
• True packed-pixel memory addressing is enabled. ,b«,., 
. tSs mode may also be used with 16- and 2«>it pixel modes. (Refer to 

. may not be used with video modeja ^Nch is packed pixel, but 

not hiah resolution. For video mode 13. set ARiqej « i . 
NoteT iniulttced-pixel ad<Jress.n9. consecutive pixels are stored at cory 

JfSI>wJr«!w?Sa/n-4 addressing, consecutive pixels are stored at 
every fourth address in display memory. 
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6.7«3 SR8: Mlseeltaneout Control 

t/0 Port Address: 3C5 
Index: 8 



Bit Deecrtptlon Acco«» Re««tSt«e 

7(MSB) Not Used 

6 Rese^^ed * 

5 Utch FCESYNC# and FCEVIDEO# R/W 0 

4 Reserved 

3 Reserved 

2 Reserved 

1 Reserved 

O(LSB) Reserved 



Bit Description 



7 


Uoi Used 


6 


Reserved 


5 


Latch PCESYNC# and FCEV1DE0*: 




When this bit is 1 , the values on the FCESYNC# and FCEVIDEO# inputs are 




latched, so that the pins can Pe used for other functions. 


4:0 


Reserved 
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6 J.4 SR9, SRA: Scratch Pad 0 and 1 Ragiatera 

I/O Port Addraas: 3C5 
Index: 9, A 



Bit Oeacription RaMt State 

7 R/W Data [7] 0 

6 R/W Data [6] 0 

5 RW Data [5] 0 

4 RAV Data [4] 0 

3 RW Data [3] 0 

2 Data [2] 0 

1 RAV Data [1] 0 

0 R/W Data [0] 0 



These two registers are reserved for the exclusive use of the CL«GD7542 BIOS and must 
never t>e wrttten t)y any appitcation program. They are listed here only for completeness. 

Bit Deacrfptlon 

7:0 These t>its are reserved for the Cirms Logic, Inc., BIOS. 
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6.7.S SRB, SRC, SRD, SRE: VCLKO, 1, 2. 3 Numerator Rafletara 

t/0 Port Address: 3C5 
Index: C. E 



Bit 


OMcription 


Reset State 


7 


Reserved 




6 


VCLK Numerator [6] 


0 


5 


VCLK Numerator [5] 


0 


4 


VCLK Numerator [4] 


0 


3 


VCLK Numerator [3} 


0 


2 


. VCLK Numerator [2] 


0 


1 


VCLK Numerator [1] 


0 


0 


VCLK Numerator [0] 


0 



These registers, in conjunction with Extension Registers SR1B to SR1E, are used to deter- 
mine the frequency of video docks VCLKs. (For more infonnation, refer to Appendix A7.) 

Bit Description 

7 Reserved 

iio VCLK Numerator [6:0]: 

The following table sfiows VCLK-related defautt values loaded at system 
reset The defautt vaiues are detemruned by the expression expiair>ed on the 
following page. (For more informat)on on the VCLK denominator and post- 
scalar, refer to Extension Registers SRI B to SR1E.) 



Table 6-2. VCLK Numerator. Denominator, and Post-scalar Values 



j VCLKi and 
Frvquarwy 


VCLK Numerator Values 


DCLK Numerator Valuea 


I 
1 

VCLKi 


VCLKi 
Fre- 
quency 


Numemter 
Register 

and 
Hex Value 
in Register 


Value 
Used In 
Equation 
Numerator 


Denomi- 

rwtor 
Register 
and Hex 
Value In 
Register 


OB* 
Value Ueed in 

Equation 
Denominator, 
Resulting 
from Post- 
Scalar 


£» 
PQ«t«Sealar 
Value Used 
in Equation 
Denomi- 
nator 




1 

i 

MHz 

i 
1 


Regi- 
ster 


Hex 


Decimal 
Equfvakent 
of Hex 
Vatue 


Regi- 
ster 


Hex 


Decimal 


Decimal 


i VCLKO 


25 1B0 j 


SRB 




102 


SR1B 


3Bh 


29 


1 


1 VCLKI j 


26 325 { 


SRC 


5Bh j 


91 


SR1C 


2Fh 


23 


1 


VCLK2 1 


41 165 j 


SRO 


45^ ; 


69 


SRID 


30h 


24 


0 


VCLK3 ) 


36 082 1 


SRE 


7En ; 


126 


SR1E 


19h 


25 


1 



Continued on next page 
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6J3 SRB, SRC, SRO, SRE: VCLKO, 1, 2, 3 Numerator Register* (cont) 
Bit Description 



6:0 

(cont) 



VCLK Numerator [6:0]: 

Each Video Clock frequency is detemiined by the following expression: 



VCLK i (MHz) : 



OSC X NR 
DRxfP^I] 



Where: 

VCLK i = Video Clock i. where i s 0, 1, 2, 3 

OSC = Input Clock, 14.31818 MH2 

Nunr>erator Register = Value of Register SRi [6:0], where i s B, C, D. E 

Denominator Registers VaJue of Register SRIi [5:1], where i s B, C, E 

Post*scalar s Value of Register SR1i [0]. where i s B, C. 0, E 

The OR denominator value is determined as follows: 

1 . The hex value programmed in the appropriate denominator register is read. 



Upper nibble Lower nibble 

Hex number read: 

Upper nibble = Values in XXXY 

Lower nibble = Values in YYY. plus post-scalar P = YYYR 

2. To extract a value to be used in the equation, the post-scalar value is 
ignored, which has the effect of shittng all values in the register to the 

nght. 




Upper value 



Lower value 



Circled area is what js actually used in the equation. 

Upper value = Values in XXX. Lower value = Values in YYYY. 

3 The value that is extracted is converted to decimal and plugged into the 
equation, along with P. the post-scalar value, which is obtajr)ed from 
Table 6-2 
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6.7.6 SRF: DRAM Control Register 

1/0 Port Address: 3C5 
Index: F 



Bit Deeeription ReeelStete 

7 ORAM Bank Select 0 

6 Oisabie CPU-Write FfFO Fast-Page-Oetedion Mode 0 

5 CRT RFO Depth Control 0 

^ 4 Display Memory Data Bus Width [1] 0 

3 Display Memory Data Bus Width (oj 0 

2 DRAM RAS Timing 0 

1 Reserved 0 

0 Muttiple-CAS# / Multiple-WE# DRAM Select 1 



This register is used to control the disptay memory. 

Bft Deecription 

7 ORAM Bank Select: 

« This Pit is used wrth SRF[4:3] to spedfy the display nDemory data bus width 
acoordir>g to the number of banks of display memory used. 

• When this bit 

^ is 1 . the CL-GD7S42 is configured for two banks of display memory 
(four 256KX 16 DRAMS). 

— IS 0. the CL-GD7542 is configured for one t>ank of display memory 
(four S12K X 8 DRAMS, or two 2S6K x 16 DRAMs). 

6 Disable CPU-Write FIFO Fast-Page-Deteetion Mode: 

• To avoid CPU write buffer under-mns, this bit must be programmed to 1, 
either when loading font data tor page*mode font access, or when perform- 
ing multiple oolor-expand writes in 16-bit pixel rtkodes. 

• When this bit: 

— is 1 , CPU wmes to display menx>ry will take plaoe as random cycles. 

— IS 0, consecutive CPU writes to display memory are executed as Fast- 
page Mode wntes. whenever possible. 

5 CRT RFO Depth Control: 

When this bit is 0 (the defautt): 

• The CRT wme buffer depth js set to 8 ievels (32 bits/level). 

• This setting is typically used tor standard video modes and for extended 1 6- 
coior mode^ 

When this bit is 1 : 

• The CRT wme buffer depth is set to 16 levels (64 bytes). 

• This setting is rypicaHy used for any 1 6-bit or 24.bit pixel modes and for ex- 
tended 6-bit pixel modes. 

This setting sho uld never t5e used for any text mode. 

Continued on next page 
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6.7.6 SRF: DRAM Control Register (cont) 

Bit DescrtpUon 

4:3 Olepley Memory Data Bus Width {1 :0]: 

This two^ field is used with SRF[7] to specify the display memoiry data bus 
width according to the following table: 



SRF 


Display Memory 
Data Bus Width 


Memory Organizatjon 


Total 
Memory 


17] 


[4J 


[3] 


0 


0 


0 




Reserved 


Roaarvod 


0 


0 


1 




RaMfvMt 


Retafvod 


0 


T 


0 


32Sft 


Two 256KX 16 DRAMS 


1 MByte 


Four 512K X 6 (iymmeirte) DRAMt 


2MByt»s 


0 


1 


1 




RoMfvod 




1 


1 


0 


32Brt 


Four 256K x 1 6 DRAMt (two b«r*s) 


2MByt6e 


111 




Roserved 


R6»ervad 



These bits have one level of buffenng. At the end of each honzontal scanline, 
refresh interval, when honzontal blankjng begins, the state of each of these 
brts is transient to the timing logic. This transfer avoids cfiarrging the timing 
logic in mid-scanline. 

2 DRAM RAS Timing: 

This bit Indicates the DRAM row-address strobe timing as summarized in the 
following table. 



1 SRFI2] 


Timing for RAS high 


Timing for RAS low 


Note 


0 


3MCLK 


4 MCLK 


Extended RAS (deiault) 


1 


2.5 MCLK 


3.5 MCLK 


SUr^dardRAS 



The default is extended RAS timing, which fits alt ORAMs. However, in order 
to achieve optimal pertormanoe. the timin g selected should match the MCLK. 

1 Reserved 

C Multip(e-CAS# / Multiple-WE# DRAM Select: 

• A 0 selects multip)e-WE# 256 x 1 6-bit DRAM support. 

• A 1 selects muttiple-CAS# DRAM support, which is the default. 



Preiimmar\ Dau Book 



Aup4St 26, 1994 

Rev 1 ] 



CL-G07542 (Nofdic) TachnjcaJ Refemnc« Manual 



EXTENSION REGISTERS 



6.7 J SR10: Hardware Curaor and Hardware Icon Coarta HortzonUI Poaltion 

I/O Port Address: 3C5 

Index: 10, 30. 50, 70, 90, 80, DO, FO 



Bit OttacHption Raaat State 

7 HW Cursor and HW Icon Coarse Horizontai Position [10] 0 

6 HW Cursor and HW Icon Coarse Horizontai Position [9] 0 

5 HW Cursor and HW Icon Coarse Horizontal Position [8] 0 

4 HW Cursor and HW loon Coarse Horizontai Position [7] 0 

3 HW Cursor and HW loon Coarse Horizontal Position [ej 0 

2 HW Cursor and HW Icon Coarse Horizontal Position ^ 0 

1 HW Cursor and HW Icon Coarse Horizontai Position [4] 0 

0 HW Cursor and HW Icon Coarse Honzontai Position [3] 0 



This register, and Ms SRXP:5] of the index that is used to access it, is used to define in char- 
acter clocks the coarse honzontat (X) pixel offset of the graphics hardware cursor and icon. 
For more information on the hardware cursor and icon, refer to Appendices A2 and A3. 

For ad 8'bft text modes and non-expanded graphics modes and text modes which do not 
require the fourth expansion bit, the entire 12-brt cursor or icon hohzontaJ position can be 
wntten in a single 16-bit I/O write as follows: 

• The expansion bits in SR2A(6] and SR2EI0], which are cleared to 0, are ignored. 

• The offset must be placed in AX(15:5J. 

• AX[4:0) must be 10000. 

• DX must be 3C4h. 

When 10. 30, 50.. .FO is wntten to 3C4 without wnting to 3C5 (a byte wnte), then a read of 
3C4 will return the previously stored three bits of the cursor or icon position. 

Note: Changes programmed in SR10 do not take effect until SR11 has been written. 

Bit Description 

7 0 Cursor and Icon Horizontal Position [10:3J: 

SR12[3) selects whether the value in this register refers to the hardware cur- 
sor or the hardware icon. 

Cursor i2-bit Horizontal Position 

• When SR12[3] r 0. the hardware cursor is selected. 

• SR10|7:0) are the upper 8 ooarse-position bits. 

• SRX[7.5] are the lower 3 ^tne-posioon bits, defined in dot clocks. 

• SR2E[0] extends the cursor fine position by one msb for honzontaily ex- 
panded graphics modes. This extra bit is valid only with a 10-dot character 
clock. 

• The hardware cursor ts not available in text modes and mode 13. 
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6.7.7 SR10: Hardwart Cursor and Hardware Icon Coarse Horizontal Poaition (cont.) 

Bit Oaacription . 

7:0(oont) Cursor and Icon HorizonUI Position [10:3]: 

Icon 12*t>it Horizontal Position 

• When SR12[3] = 1 , the hardware icon is selected. 

• SR10r7:0] form the upper-eight b(ts of the 11 -M icon horizontaJ offset. 

• SRXr7:5] form the lower-three bits of the 1 1-Wt icon horizontal offset. 

• SR2A[6} is the fourth bit of a dot-dock-level delay in expanded*graphic$ 
modes and in text modes with 9^ot or 10-dot fonts. 

• The icon is supported in all modes, except interiaoed, 24 bpp with 3X dodc, 
and 16 bpp with 2X dodc rnie latter does not support hortzontai doubting.) 

To program the honzontat position of the hardware icon: 

• Place the icon hot potnt (top left) at pixel n (with 0 as the first pixel). 

• Program the coarse position as: Integer [(n -f (k«1 )) ^ k]. 
(k = the number of dots in a character clock.) 

• Program the fine position as; Remainder [{n-^(k-1)) + k]. 
For example, to place the icon: 

• at pixel 10. which is 1 1 pixels from the left (n s 10) 

• with an 6-dot character clock, as in graphics mode 12 (k s 8) 
Program: 

• the coarse position as = Integer [(10 (6 - 1)) 8} s Integer [17 8) s 2h 

• the fine position as = Remainder [17 8] s 1h 

An example of programming for an 8-dot character dock is given in the table 
below. 



- Pixel Position 


Position Programmed 


Coarsa. 


Rna 


0 I 0 


7 


1 




0 


2 i 1 


1 


3 • 1 1 


2 


1 3 \ ; 


3 


I' — 5 — \ — ' — 


4 


6 1 1 


5 




6 


8 j 1 


7 


1 


0 


10 i 2 


1 1 



There are only three cases of character clock width. 

► 1 0 dots - used for text ana graph(cs ejpansion on 800 x 600 LCD 

► 9 dots - used (or text on 800 x 600 LCDs, when 720 dots are displayed 

► 8 dots - used in all other cases 
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6J.8 SR11: Hardware Cursor and Hardware icon Coarse Vertical Position 

I/O Port Address: 3C5 

Index: 11. 31, Si, 71, 91, Bl, Dl, F1 



Bit Description Reset State 

7 H W Cursor and HW Icon Coarse VerticaJ Position [10] 0 

6 HW Cursor and HW Icon Coarse VerticaJ Position [9] 0 

5 HW Cursor and HW Icon Coarse Vertical Position [8] 0 

4 HW Cursor and HW Icon Coarse Vertical Position [7] 0 

3 HW Cursor and HW Icon Coarse Vertical Position [6] 0 

2 HW Cursor and HW Icon Coarse Vertical Position f5] 0 

1 HW Cursor and HW Icon Coarse Vertical Position [4] 0 

0 HW Cursor and HW Icon Coarse Vertical Position [3] 0 



This register, and bits SRX[7:5] of the rndex that is used to access it is used to define in 
scanlines the coarse vertical (Y) scanline offset of the graphics hardware cursor and icon. For 
more information on the hardware cursor and icon, refer to Appendices A2 and A3. 

The entire 11 -bit cursor or icon vertical position can be written in a single 16-bit i/0 write as 
follows: 

• The offset must be placed in AX(1 5:5]. 

• AX[4:0] must be 10001. 

• DX must be 03C4. 

When 10. 30. 50.. .Fl is written to 3C4 without writing to 3CS (a byte write), then a read of 
3C4 wiii retum the previously stored three bits of the cursor or icon position. 

Bft Description 

7 0 Cursor and Icon Vertical Position [10:3]: 

SR12{3] seleas whether the value in this register refers to the hardware cur- 
sor or the hardware icon. 

Cursor and Icon 11 -bit Vertical Position 

• When SRI 2(3]: 

— is 0, the hardware cursor is selected. 

— IS 1 . the hardware icon is selected. 

• SR1 1 p:0) are the upper 8 coarse-position bits. 

• ' SRX[7.5] are the lower 3 fine-position bits, defined in scanlines 
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6.7.9 SR12: Video Data Path Control Register 

170 Port Address: 3C5 
Index: 12 



Bit DeacHption Reset State 

7 Overscan Color Protect 0 

6 Tri-State Ail Display Memory Pins 0 

5 VCLK = VCO * 4 0 

4 MCLK = MVCO *2 0 

3 Hardware Icon and Hardware Cursor Position Modification 0 

2 Cursor Pixel Size Select 0 

1 CPU Access to DAC Extended Colors 0 

0 Graphics Hardware Cursor Enable 0 



This register is used to enable or disable 4-bit packed-pixel addressing on the CL*G07542. 

Bit Description 

7 Overscan Color Protect: 

When this bit: 

• is 1. the overscan color conr>es from the hidden DAC register (the 16-cell 
RAMDAC RAM extension.) As a result the border color is locked to a value 
dictated by the enviromental requirements* and rt cannot be changed by the 
application. 

• IS 0, the overscan color comes from ARl 1(5:0]. 

6 Tri-State All Display Memory Pins: 

• When this bit is 0, all display memory pins operate normally. 

• When this bit is 1 , all display memory pins are forced to a tri-stated high- 
impedance off state. The display memory pins can then be multiplexed for 
use with another graphics controller. 

5 VCLK « VCO * 4: " 

When this brt is 1, the video dock (VCLK) signal is derived from the voltage- 
controlled oscillator (VCO) frequency divided by four 

• This bit must be used to get VCLK frequencies of 20MH2 or less. For ex- 
ample, to get 20 MH2; 

— Program VCO for 80 MHz. 

— Set SRI 2(5) = 1 . which divides the VCO signal by four 

— As a result, VCLK = 20 MHz. 

• This bit IS useful tn 5V Core-VDD systems where at low frequencies, the 
VCO frequency range is not good enough. (Note that SR1B through 
SRIEfO] (s VCLK divided by two). While the VCO is within its operating 

^_ range, as appropriate for the de sired VCLK frequency, divide by 2 or by 4. 

Conttnuea on next page. 
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6.7.9 SRI 2: Video Data Path Control Register (cont) 
Bit Description 



MCLK s MCLK ^2: 
When this bit: 

• is 1 , the memory dock (MCLK) signal is derived by dividing by two the orig- 
inal memory dock signal (which is the MVCO, the memory voitage-con- 
trolled osdltator). 



MCLK (Memory Clock) | , 


MCLK 


— *LiJ 


► 



IS 0. the memory clock is not divided by 2. In this case, the dock ttiat is used 
as the memory dock is the same frequency as the MVCO. 



MCLK (Memory Clock) 



MCLK 



• This bit may is used to get MCLK frequendes outside the memory VCO fre- 
quency range for a given Core VDO value and frequency. 

Hardware Icon and Hardware Cursor Position Modification: 

This bit selects whether the CPU can modify the posftk>n (both horizontal and 
vemcaJ) of either the hardware icon or the hardware cursor. The same regis- 
ters are used to modify both hardware toon and hardware cursor position. 

• When this bit is 0, the CPU can modify the hardware cursor position. 

• When this bit IS 1 . the CPU can modify the hardware icon position, 

• This b/t does not affect SR2A[6] or SR2E(0}, which are always accessible 
by the CPU. 

Cursor Pixel Size Select: 

• When this bit is 0, the 32 x 32 pixel hardware cursor is selected. 

• When this bit is 1 . the 64 x 64 pixel hardwar e cursor is selected. 

CPU Access to OAC Extended Colors: 

• When this bit is 0. the CPU accesses the standard VGA 256 x 18 Color 
Lookup Table. 

• When this bit is 1 , the CPU accesses the DAC extended colors, hich are 
16 additional IS-bit wide RAMDAC RAM locatrans. 

— Some locations have a specific purpose, such as hardware cursor 
colors (2 locations), hardware icon colors (4 locations), and bonier color 
(1 location). 

— Other locations are not used, or can be used as scratch registers by the 
BIOS and drivers. 



Continued on next page 
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6.7.9 SR12: Video Data Path Control Register (com) 
Bit [>ascnptton 



1 (cent) CPU Access to OAC Extended Colors (cont): 

The address map tor the DAG extended colors is given in the following table: 



I/O 
Address 


Physical RAM 
Location 


Function 


XOh 


256 


Haidware cursor back^ground color 


XFh 


257 


Hardware cursor foreground color 


X2h 


258 


Rx color of overscan (the bordei) 


X3h 


259 


Hardware icon color #0. 
CThis function is not used, tf in 3 colors trans- 
parent mode.) 


X4h 


260 


Hardware icon coior #1 


X5h 


261 


Hardware icon color #2 


X6h 


262 


Hardware icon color #3 


XD, xe 


269. 270 


Used t)y Video BIOS 



Graphics Hardware Cursor Enable: 

When this bit is 1 . the graphics hardware cursor is enabled. 
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6.7.10 SR13: Graphics Cursor PMBrn Address Offsst Rsgister 

I/O Port Address: 3CS 
Index: 13 

Bit Osscription RM«t Stats 

7 Not Used 

6 Not Used 

5 Reserved 

4 Cursor Pattern Select [4] 0 

3 Cursor Pattern Select [3] 0 
2 Cursor Pattern Select [2] 0 
1 Cursor Pattern Select j 1 ] / Reserved 0 

0 Cursor Pattern Select [oj / Reserved 0 

Thts register ts used to select 

• one of 32 possible cursor patterns lor the 32 x 32 cursor 

• one of 8 possible cursor patterns for ttie 64 x 64 cursor 

For a complete programming guide for the graphics hardware cursor, refer to Appendix A2. 

Bit Description 

7.6 Not Used 

5 Reserved 

4 0 Cursor Pattern Select (32 x 32 Cursor): 

When SRI 2(2) is 0 

• This 5-b(t field can select 1 of 32 cursor patterns for the 32 x 32 cursor. 

• The patterns are stored in 8 Kbytes of the top 32 Kbytes of display memory. 

4 2 Cursor Pattern Select (S4 x 64 Cursor): 

When SR12[21 is r 

• Thts 3-ba field can select 1 of 8 cursor patterns for the 64 x 64 cursor. 

• The patterns are stored in 6 Kbytes of the top 32 Kbytes of display memory. 

1 0 Reserved, when SR12[2I = i. 
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6.7.11 SR14, SR1S: Sersteh Pad 2, 3 Registart 

1/0 Port Address: 3C5 
lndex:14« 15 



Bit DMcription ReMt State 

7 RWDatafT] 0 

6 RAV Data {6} 0 

5 R/W Data [5] 0 

4 RAV Data [4] 0 

3 Data [3] 0 

2 R/W Data [2] 0 

1 RAV Data [1] 0 

0 RAV Data [0] 0 

These two registers are reserved for tr>e exdusive use of the CL-GD7542 BIOS and must 
never be wrtttert by any application program. They are listed here ortfy for completeness. 

BK Deaeriptlon 



7:0 These bits are reserved tor the Cirrus Logic, Inc.. BIOS. 



Cirru> Confiacntiai 
Business Infomuoon 



CL 28642 



CL-G07542 (Noniic) T«chntcal Refansnoe M«nuaJ 



EXTENSION REGISTERS 



6J.12 SR1S: PtrfonnanM Tuning Register 
I/O Port Address: 3CS 
lndex:16 



Btt DeecHplion ReeetStste 

7 Extra Wait State for Fast VL Bus 1 

6 RDY» Delay for I/O 1 

5 RDY* Delay for Memory Write [1] 1 

4 RDY# Delay for Memory Wrrte [0] 1 

3 RFO Demand Threshold [3] 0 

2 RFO Demand Threshold [2J 0 

^ RFO Demand Threshold [1 ] 0 

0 RFO Demand Threshold fO] 0 



lljJ 



This regrster is used to oontro) the delay from ADSi to RDY#« and to control the threshold at 
which the CRT FIFO will be refilled. This register must never be written by an application pro- 
gram. It is listed here for completeness only. 



Bft 

7^ 



Description 



Extra Watt State for fett VL Bus: 

• When this bit is 1 , and when the CL-GD7542 is configured for the VL bus, 
one extra wait state is added to both t/0 and memory accesses. 

• This bit must be 1 if tt>e bus dock ts fast compared to the memory dock. 

• In conjunction with the state of SR16[6], this bit controls the CPU1X dock 
deiay from ADS# io RDY# for I/O cydes. 

• For further explanation, refer to the tables in SRI 6(6] and SRI 6[5:4 ], 

RDY* Delay for I/O: 

• This field applies only when the CL-GD7542 is configured for local bus. 

• In conjunction with the sute of SRien* this bet controls the CPU1X dock 
delay from AOS# to RDY# for read/wnte I/O cydes. 

• The following table summarizes the values: 



SRie 


CPU1X Clock Deiay 


m 


[6] 


0 


0 


1 


0 


^ 


2 




0 


2 


1 


t 1 3 (Defairfi) 



Conunue0 on next page 
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6.7.12 SR16: PtfformanM Timing Register (oont.) 

Bit D— cription 

5:4 RO Yi May for Memory Write [1 :0]: 

• This field is used to control the detay from AOSi to RDY# for memory wnte 
cycles. 

• This fietd applies only when the CL-G07542 is configured tor local bus. 

• The table below summarizes values that may be programmed into this field. 
The value programmed must satisfy the following tnequaJity: 

[(2 ^ value of bits 7.5.4) x CPU Clock Period] 2 [(3 x MCLK Period) 2 ns] 



SR16 


CPU1X aoek Delay 


m 


[51 


[41 


0 


0 


0 


2 


0 


0 


1 


3 


0 


1 


0 


4 


0 


1 


1 


5 


1 


0 


0 


3 


1 


0 


1 


4 


1 


1 


0 


5 


1 


t 


1 





3 0 FIFO Demand Threshold [3:0]: 

• The value wntten to this field will select the level at which the CL-QD7542 
sequencer will begin cydes to refill the CRT FIFO (and thereby hold oft 
CPU cydes). 

• For each video mode and MCLK frequency, there will be an optimum value 
that will use the ORAM most efficiently. 
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6.7.13 SR18: Signature Generator Control Register 
1/0 Port Address: 3C5 
tndex:18 



Btt 


Description 


Resets 


7 


LCD Signature Generator Enable 


0 


6 


Reserved 




5 


Resen/ed 




4 


Pixel Bus Bit Select [2] 


0 


3 


Pixel Bus Bit Select (1] 


0 


2 


Pixel Bus Bit Select [0] 


0 


1 


Reset Signature Generator 


0 


0 


Signature Generator Enable / Status 


0 



This register is used to control and monctor the status of the CL-GD7542 signature generator, 
which ts used for board-level testing of the video sub^system. For a complete descnption of 
the signature generator, refer to Appendix AlO. 



Bit 


Description 


7 


LCD Signature Generator Enable: 




When this bit is V the LCD signature ger>erator is enabled. 


6 


Reserved 


5 


Reserved 



4:2 Pixel Bus Bit Select [2:0]: 

This field is used to select the Feature Connector Pixel Bus bit that will be 
used as the input for the signature generator according to the followtng table: 



SRia 


Featura CorwMCtor 
Pixel Bus Bit 


14) 


13) 


12) 


0 


0 


0 1 FCPtO) 


0 


0 


1 


FCPlll 


i 0 


1 


0 


FCPi21 


-oil 




1 ■ 0 


0 


rCP\4] 


1 ' 0 


1 


FCPfS] 


1 1 


0 


FCP(61 


1 ' 'I ! 1 i fcpp] 
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6.7.13 SRI 8: SIgratura Gmarttor Control Register (oont) 
Btt DMcription 

1 Resot Signature Generator 

• When this bit is 1 , the signature generator is reset to an inrtml, defined con- 
dition. 

• When this bit is 0. the signature generator is allowed to run under the con- 
trol of SR18[0]. 

0 Signature Generator Enable / Status: 

• When this bit is 1 . the signature generator Is enabled and begins operation 
on the next VSYNC. From the Feature Connector Pixel Bus bit chosen by 
SR1 8(4:2]. the signature generator accumulates a sigrtature for one video 
frame and then stops, forcing this bit to 0. 

• By monitonng the status of this bit the program can determine wf)en the 
signatuTB is complete. 
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6.7.14 SRI 9: Signature Generator Reault Low Byte Regleter 

I/O Port Address: 3C5 
Index: 19 



BH Deecription Reeet State 

7 Signature Generator Resurt [7] 0 

6 Signature Generator Resutt [6] 0 

5 Signature Generator Resuft [5] 0 

4 Signature Generator Resutt {4] 0 

3 Signature Generator Resuft [sj 0 

2 Signature Generator Resutt [2] 0 

1 Signature Generator Result [1} 0 

0 Signature Generator Result [0] l 



For a oompfete description of the signature generator* refer to Append A10. 

BH Deeeription 

7:0 Signature Generator Result [7:0]: 

This register is used to read the low*order byte of the CL-G07542 signature 
generator result. 
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6.7.1 S SR1 A: Signature Generator ReeuK High Byte Register 



I/O Port Address: 3C5 
Index: 1A 

Bit Deeeription ReMt State 

7 Signature Generator Result [15] 0 

6 Signature Generator Result [14] 0 

5 Signature Generator Result [1 3] 0 

4 Signature Generator Result [12] 0 

3 Signature Generator Result [11] 0 

2 Signature Generator Result [10] 0 

1 Signature Generator Result [9] 0 

0 Signature Generator Result [6] 0 



For a complete descnption of the signature generator refer to Appendix A10. 

Bti Description 

7:0 Signature Generator Result [15:8]: 

This register is used to read the higf>-order t}yte of the CL*GD7542 signature 
generator result. 
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6.7.16 SR1B,$R1C,SR10,SR1E: 0«nomiMter/Post*tealar for VCLK 0,1^3 

I/O Port Address: 3C5 
Index: IB. 1C. 10. 1E 



BH 


DMcription 


ReMtSti 


7 


Reserved 




6 


Reserved 




5 


VCLK Denominator [4] 


Note a 


4 


VCLK Denominator [3] 


Note a 


3 


VCLX Denominator [2] 


Notea 


2 


VCLK Denominator [1] 


Note a 


1 


VCLK Denominator [0] 


Notea 


0 


VCLK Poet-Scalar 


Notea 



Note a. The reset values for the VCLK Numerator for these four registers are shown in 
Tabie G-2, "VCLK Numerator Denominator, and Poet-scalar Values.' on page 207. 

These registers* in conjunction with SRB. SRC, SRD. arxl SRE, are used to determine the 
frequency of video dock 0 (VCLKO). etc. For complete programming information for the syrh 
thesjzers, refer to Appendix A7. 



Bit 


Deecnption 


7:6 


Reserved 


5.1 


VCLK Denominator (D) [4:0]: 




Refer to Table 6-2. "VCLK Numerator. Denominator, and Post-scalar Values.' 




on page 207 for detailed explanation of the VCLK derivation. 


0 


VCLK Post«Scalar (P): 




Refer to Table &-2. "VCLK Numerator. Denominator, and Post-scalar Values,* 




on page 207 for detailed ex^iiamton of the VCLK derivation. 
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6.7.17 SR1F: MCLK Frequtncy and VCLK Source Select Regleter 

I/O Port Address: 3C5 
Index: IF 



Bit 


Description 


Reset State 


7 


Not Used 




6 


VCLK Source Select 


0 


5 


MCLK Frequency [5] 


(Refer to MCLK Table below) 


4 


MCLK Frequency [4] 


(Refer to MCLK Table beiow) 


3 


MCLK Frequency [3} 


(Refer to MCLK Table below) 


2 


MCLK Frequency [2] 


(Refer to MCLK Table below) 


1 


MCLK Frequency [1] 


(Refer to MCLK Table below) 


0 


MCLK Frequency [0] 


(Refer to MCLK Table betow) 



This register is used to program the MCLK tnsquency. This register should never be pro- 
grammed by an appHcations program. It ts listed here only for completeness. 

Brt Description 

7 Not Used, 

6 VCLK Source Select: 

• When thts bit ts 0. the VCLK synthesizer operates normally. 

• , When this bit is 1 , VCLK ts denved from MCLK as follows: 



SR1FI6J 


SR1E{0] 


VCLK Source 


0 


X 


VLCK (Normal Operation) 


1 


0 


VCLK M MClK 




1 


VCLK = MCLK * 2 



5 0 MCLK Frequency [5:0]: 

• To directly program the MCLK frequency, use the following equation: 
MCLK a (Reference Frequency 8) x SR1Ff5:0] 

• This field may be programmed w?th values from 21 to 38 (deamal). 

• The following table assumes a reference frequency of 14.31818 MHz. 



1 SR1F[5:0I 


j SR1Ft5:0] 


Resulting 


1 (Decimal) 


(Hex) 


MCLK Frequency 


21 




37.565 MHz 


23 


1 17h 


41.165 MHz 


24 


1 Bh (default, at-r»Mt value) 


42.95S MHz 


2S 


19h 


44 744 MHz 


26 


! lAh 


46.534 MHz 


28 


1 iCh 


50 114 MHZ 



For information on DRAM requ(rements for MCLK frequencies, refer to Ap- 
pendix A6 
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6.7.18 SR20: Miscellaneous Control 2 

I/O Port Address: 3C5 
Index: 20 



Bit Description Reset Stete 

7(MSB) Reserved 

6 Reserved 

5 Reserved 

4 Reserved 

3 Reserved 

2 Reserved 

1 ORAM Interface-Input Threshold Select 0 

O(LSB) CPU Bus Interface-Input Threshold Select 0 



This register is reserved exclusively for the CL*G07S42 BIOS and must never be written t>y 
an application program. It is listed here only for completeness. 



Bit 


Description 


7:2 ' 


Reserved 


1 


ORAM Interisce-lnput Threshold Select: 




• When this bit ts 0. DRAM tnterface-input thresholds are at TTL levels. 




• When this bit is 1 . DRAM tnterface-tnput thresholds are at CMOS levels. 


0 


CPU Bus Interface-Input Threshold Select: 




• Wheri this brt is 0, CPU bus interiaoe*ir^put thresholds are at TTL levels. 




• When this bit is 1 , CPU bus interface-input thresholds are at CMOS levels. 
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€.7.19 SR21: Dual-Sean Color Control 

I/O Port Address: 3C5 
Index: 21 

BH Oaaeription RoMt State 

7(MSB) Refresh Per Line Select 0 

6 Dual-Scan STN Coior STN Select 0 

5 Reserved 

4 Graphics Hardware Cursor-Size Select 0 

3 Reserved 
2 Reserved 
1 Reserved 
O(LSB) Reserved 

The SR21 [7.6,4] bits are user programmable for the CL-GD7542. The SR21[3:0] bits are 
reserved for manufacturing testing and must never be written by an application program. 

Bit Deacription 

7 Refresh Per Line Select: 

@ • When thjs bit ts 1 , one refresh cycle per scanline is selected. 

|U • When this bit is 0 (tt>e default). CR1 1 [6] selects either three or five refresh 

^ cydes per scanline. 

6 Dual*Scan STN Color Select: 

^ CR2C[7:6] must be programmed to 10 to select STN color LCDs. When 

^! CR2C[7:6) = 10 and this bit: 

£^ • = 1 , dual-scan STN color mode is selected. 

^" • = 0. single-scan STN oolor mode is selected. 

ig 5 Reserved 



m 



Graphics Hardware Cursor-Size Select: 

When SRI 2(0] is 1 and: 

• this bit IS 1 . the 64 X &4-bit hardware cursor is selected. 

• this bit IS 0. the 32 X 32-bit hardware cursor is selected. 
For hardware cursor pattern choices, refer to SRI 3(4:0], 



3 0 Reserved tor testing only 
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6.7.20 SR22: HMfdw^rB Configuration Read Register 1 



I/O Port Address: 3C5 
index: 22 



Bit Deeeription 

7 PCI Minimum Grant 

6 Reserved 

5 SJeep Address Select 

4 Reserved 

3 External Clock Select 

2 Select VESA Local Bus > 33MH2 

1 Reserved 

0 Select 32-Bjt PCI Bus 



Ai 



R 
R 
R 



Reset State 

= MD[231 



«MD(21] 



R 
R 



sMD[19) 
= MDI18J 



R 



»MD[161 



This register contains a read-only field that allows the BIOS to determine configuration infor- 
mation for bus type, sleep address, and external clock by reading the level on tt>e indicated 
MD pins dunng the low-to-high transftion of the Reset pulse. 

• All these MD pins have pull-down resistors tntemafty, and so the default readings are all 0. 

• An external 60 k-ohm puD-up resistor ts needed to establish a high (1) on these pins. 

Bus-select bits SR22[7^.0] are mutually exdusive. Only one can be high at any time. 

• If there are no external pull-ups on SR22 bus-select bits 7. 2, and 0, the CL-GD7542 will 
be configured for VESA local bus operation < 33MH2. 

• If there are no external pull-ups on any of the SR22 bus-select bits, the CL-GD7542 will be 
configured for VESA local bus operation < 33MH2. In addition, the CL-QD7542 will be con- 
figured wTth internal clock synthesizers and a sleep address of 3C3h. 

Bit Description 



PCI Minimum Grant: 

• An external pull-up on PCI-MGE / MD[23] reads back a 1 . In this case: 

— The PCI burst cycle to the CL-GD7542 must be a minimum of 16 CPU 
clock cycles 

— PCI Configuration Register 3Ch, offset 2 will read back a 1 . aitowing the 
PCI core logic to detect the presence of the pull-up resistor. 

— The CL-GD7542 expects a default minimum grant value of 8 bus 

clocks. 

— A pull-up shouio not be used on PCI / MD[16], as only one PCI bus 
extp'-i) configuration pull-up should be used (either PCI-MGE or PCI). 

• No external pull-up on PCi-MGE / MD[23] reads back a 0. Inthis case: 

— Tne PCI burst cycle to me CL-GD7542 will be 8 CPU clock cycles. 

— PCI Configurattoo Regtster 3Ch, offset 2 will read back a 0. 

• Normally no pull-up is required on PCI-MGE / MD(23) . 



Cont.nuea an next page 
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BJM SR22: Hardware Configuration Road Regiater VconL; 
Bit Doecription 
6 Reserved 

5 Sleep Addreaa Select: 

• An external pull-up on S46 / MD[21] reads back a 1 p wfucfi selects 1/0 ad- 
dress 46£6h as the sleep address. 

• No external pull-up on 346 / M0[21] reads back a 0, irKlicating the selection 
of sleep address 3C3h. the default 

4 Reserved 

3 External Clock Select: 

• An external pull-up on XCLK/ M0[19] reads back a 1. poivenng down the 
internal dock for MCLK and VCLK. and Bnabling the external XMCLX and 
XVCLK ctock Inputs. (This external pull-up is used for manufacturing test 
and for logic simulations by Cirrus Lxigic.) 

• No exterruil pult*up on XCLX/ MD(19] reads back a 0, so that the internal 
dock MCLK and VCLK are used by default 

2 Select VESA Local Bus > 33MHz: 

« An external pull-up on FVL / MD[1 8] reads back a 1 , selecting a fast VESA 
local bus operation at > 33MHz. 

• No external pull-up on FVL / MD[1 8] reads back a 0* selecting a VESA local 
bus operation < 33MHz. 

1 Reserved 

0 Select 32-bit PCI Bus: 

• An external pull-up on PCI / MD(16] reads back a 1, configuring the CL- 
GD7542 tor 32-bit PCI bus operation. 

• No external pull-up on PCI / f^D[16l reads back a 0, configuring the CL- 
G07542 for VESA local bus operation < 33MH2. 
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6.7^1 SR23: Softwart Configuration Ragister 1 

1/0 Port Address: 3C5 
lndex:23 



Bit DoMription RosotStito 

7 EnaWo FCVCLK 0 

6 ACTl / FCEVIDEO# / SBYI Select 0 

5 BU / SUSPI Select 0 

4 VCLK Output Enable 0 

3 Reserved 0 

2 46*KByte BIOS Decode Select 0 

1 Reserved 

0 Reserved 

This register contains a read-only field that allows for misceiianeous configurations. 

Bn DescHptlon 



7 Enable FCVCLK: 



A 1 in this bit enables the FCVCLK input to drive either the RAMDAC or the 
video dock (VCLK). depending on the state of Extemal/General Register 
MISC[3], WhenSR23r7J = 1: 

• and MISC[3] = 0, FCVCLK is sent only to the RAMDAC. enabling only that 
part of the CL-GD7542. . 

• and MISC(31 = 1 . FCVCLK is used for to drive VCLK. which docks the entire 
CL-GD7542. 

• and there is a high on TVON. the TVON high signal forces MISC{3] to 1 . 
In this case also. FCVCLK is used to dnve VCLK. which docks the entire 
CL-GD7542. 

6 ACTV / FCEVIDEOt / SBYI Select: 

When SR24[7] = 0: 

• and this bit is 0. the ACT! / FCEVIDEOt / SBYt pin is configured as the 
hardware-controtted Standby input. 

• and this bit is 1 . the ACTl / FCEVIDEOt / SBYI pin is configured as the Ac- 
tivity sense input to reset the power-down timers. 

WhenSR24r71 = 1: 

• the ACTl / FCEVIDEO* / SBYI pin is always FCEVIDEO#, independent of 
the SR23f6] value. 

5 BLl / SUSPI Select: 

When this bit: 

• IS 0. the BU / SUSPI pin is configured for hardware-contro/led Suspend in- 
put. 

• IS 1 . and SR24t7] = 0. the BLl / SUSPI pin ts configured for Backlight Input 

control. 

Conttnuea on next page. Ottms ConficleoQaJ 
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6.721 SR23: Softvw* Configuration Register 1 (cont) 
Bft Description 



VCLK Output Enable: 

• When this bit IS 0 (the defautt), the VCLK output is lovjr ^^yjcix/ 
. When this bit is 1 , the internal VCLK is availaWs for testing on the VCLK / 
FCOCLK pin. independent of SR2213] (the extemairtntemaJ dock seiec- 

Note^ When SR24[7] = 1 . the internal VCLK is also available on the FCOCLK 

output. ^ , , 

Resen/ed , 

4^KByte BIOS Decode Select: 
When BIOS is enabled: 

. A 0 in this bit selects 32-KByte BIOS decode. 

. A 1 in this bit selects 48>KByte BIOS decode. ^ 



1:0 



Reserved 
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6 J.22 SR24: LCD Typ« Switches and FC Enable 

1/0 Port Address: 3C5 
lndex:24 

BK D^acription 

7 Feature Connector External Pul^up Video Port Enable FC Pull-up 

3 Rescued 

5 Fast 1 6-Bit CPU Bus Access Enable 0 

4 FCDCLX Output Select ^ 
3 External Pull-Up Read under Software Control 0 

2 SW2 Pin Read yfl"* 

1 SW1 Pin Read Swttch V^ue 

0 SWO Pin Read Swttch Value 



Bit Description 



7 Feature Connector External Pull-up Video Port Enable: 

• An external pull-up resistor on FC / MD25 configures ail appropnate pins for 
the Feature Connector Video Port. (Refer to pin descnptions in Chapter 2.) 

• When no pull-up is used, these pins revert to their other funrtions or are dis- 
abled (that is. inputs are ignor ed and outputs are high impedance). 

6 Reserved 

5 Fast 16-Bit CPU Bus Access Enable: 

• When this bit is 0, the RD Y# / TRDY# output is delayed for 1 6-bit accesses 
by one bus-ciock cycle to minimize bus contention problems. 

• When this bit IS 1 . the ciock delay is removed, which allows faster bus ac- 
cess. This bit works w ith both the VESA local bus and the PCI bus. 

4 FCDCLK Output Select: 

This bit IS used to select the ctock that appears on the FCDCLK pin. 

• When this bit is 1 : 

— The selection is the VCLK VCO output dock. 

— Even If SR23(7] = 1 , the intemal VCLK dock synthesizer outputs the 
intemal dock to the VCLK output pin. This configuration is used with the 
Feature Connector for video overlay. 

• When this bit is 0, the selection is PCLKO, which is a dot dock that SRI [3] 
does not divide by 2. 

3 External Pull-Up Read Under Software Control: 

• This bit IS used to restore operation: 

— when total graphics controller power*off is used. 

— when the Reset puise is too short to read tf>e switches which have large 
putl-up or pult*down resistance. 

• This bit IS programmed first to a 1 then to a 0. Configuration inputs are read 
on the 1 -to-O transition of this bit. By toggling this bit, configuration pins can 
be read and latched at any time, not just at Reset. 

Conunuea on next page 

Cirni» Confulenoal ^, 
Buwnesi ]nfonn;iuon ^^"^ ^ 

Aurust 26. 1994 i^mm^^^^^^^^^^^^mt^^^^^mmmm^^^^^m^^^^^^^ 233 

Kr- Pr-liminar> Data Book 



EXTENSION REGISTERS CL-G07542 (Nordic) T«chnicaf Raference Manual 



6.7^ SR24: LCD Typ« Switches and PC Enable (cont,) 

Bit Oeecfiptlon 

2:0 SW2 to SWO Pin Read: 

These readonly tits reflect the active level of switch Inputs SW2 to SWO. 

• These bits are read continuously during normaJ operation, and are not af- 
fected by SR24t3J. 

* These bits are normaJty for BIOS use. 
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6.7.23 SR25: TImer*Softwflre Reeet and Hardware Configuration #2 

I/O Port Address: 3C5 
lndex:25 



Bit Daacrtption Strte 

7 Reserved 

6 Extemai RAMDAC Address / Chip Select 0 

5 Enable 1 -biVpixel Packed-Ptxel Mode 0 

4 Enable Extemai XVCLK Input 0 

3 Enable 4-bit'pixel Packed-Pixel Mode 0 

2 Reserved 

1 Reset Standby Timer 0 

0 Reset Backlight Timer 0 



Bit Description 



Reserved 



Extemai RAMDAC Address / Chip Select* 

• When this bit ts 0. the TVON pin is controlled by Extension Register 
CR30[3]. 

• When this brt IS 1:. 

— The T^ON output becomes the exterr^l RAMDAC Chip Select At 
system reset, both the WON and RAMDAC Select functions are 
inactive low. As a result, no maner how the chip comes up, external 
RAMDAC IS not affected. 

— tt disables the tntema) DAC and RAMDAC RAM i/0 readback. The 
RAM continues to be updated by RAMDAC writes, but it does not 
respond to any RAMDAC read except 3C7. 

— In VL bus mode, the CL-QD7S42 does not assert LDEV# and RDY, 

— > In PCI bus mode, the CL-GD7&42 does not support extemai RAMDAC 
related to t/0 select or shadowing. 

• This btt must be set to 1 , before TV-OLTT feature ts enabled (CR30(3] s i )^ 
to ensure that the TVON ptn becomes the extemai RAMDAC Chip Select. 

Enable VbiVptxel Packed^Pixel Mode: 

When this bit is 1. the i-bit-per-pixel packed-pixel mode is enabled. 
Enable External XVCLK Input: 

When this bit is l. and when SR22(3] is 0, an extemai 14.31818 input must be 
conr>ected to the OSC / XVCLK input pin. (However. MCLK wi:: ..ct use this 
input. Instead, rt wdi still use the internal MVCO source,) 

• On VCLK generation, tnis bit is OR'ed with SR22[3]. 

• This bit IS to be used tor f^SC-Out. 

Enable 4'bit/pfxel Packed-Pixel Mode; 

wr^en this bd is v A-bn-per-pixei packed-pixel mode is enabled. 
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6.7^ SR25: Timer-Software Raset and Hardware Configuration «2 (oont) 



an Description 



2 


Reserved 


1 


Reeet Standby Timer 




This bit is used to reset the internal Standby Mode Timer when there Is an I/O 




read to the keyboard controller (port 60h). 


0 


Reset Backiight Timer: 




This bit IS used to reset the intemal Backlight Timer, wtken there is an I/O read 




to the keyboard controller (port 60h). 
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6.7.24 SR26: Shadar Signature — Laatt-Signlficant Byte 

I/O Port Address: 3C5 
lndex:26 

Btt Deecrlptlon R«e«tStrte 

7 Shader Signature [7] 0 

6 Shader Signature [6] ^ 

5 Shader Signature [5] ^ 

4 Shader Signature [4] ^ 

3 Shader Signature [3] 0 

2 Shader Signature [2] ^ 

1 Shader Signature [1] ^ 

0 Shader Signature [0] 0 

The Shader Signature field is used for factory testing only. Application programs should not 
use the Shader Signature registers, which are listed here only for completeness. 



Btt Description — 

7:0 Shader Signature [7:0]: 

This register contains the least-significant byte for the Shader Signature. For 
the most-significant byte, refer to SR27. 

The Shader Signature field is used for testing the CL-GD7542 shader logic. 
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SR27: Shader Signature — Moat-Significant Byta 

1/0 Port Address; 3C5 
index:27 



Bit 


Oaaeription 


Resets 


7 


Shader Signature (15] 


0 


6 


Shader Signature [14] 


0 


5 


Shader Signature [13] 


0 


4 


Shader Signature [12] 


0 


3 


Shader Signature (11} 


0 


2 


Shader Signature [10] 


0 


1 


Shader Signature (9} 


0 


0 


Shader Signature [8] 


0 



The Shader Signature field is used for factory testing only. Appiication programs should not 
use the Shader Signature registers, which are listed here only for completeness. 



Bit Description 



z n z 

m 7:0 Shader Signature [15:3]: 

This register contains the most-significant byte for the Shader Signature. For 
the most-signjficant byte, refer to SR26. 

The Shader Signature field is used for testing the CL-G07542 shader logic 
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6.7.26 SR2A: Hardwart Icon #0 Control Register 

1/0 Port Address; 3C5 
lndex:2A 



Bit Description = 

7 Reserved 

6 Icon Horizontal Fine-Posrtion msb(3] 0 

5 Memory Map Selection for Hardware Icon #0 0 

4 Vertical Scanline Doubling for Hardware Icon #0 0 

3 Horizontal Pixel Doubling for Haniware Icon #0 0 

2 Blink Enable for Hardware icon #0 0 

1 Display Mode Select for Hardware Icon #0 0 

0 Display Enable for Hardware Icon #0 0 



Bit Description 

7 Reserved 



Icon Horizontal Fine-Position msb[3]: 

The teast-significant bits[2:01 are in register SRX17:5]. This 4.btt word is used 
w!th 9-dot and 10-dot fonts (character docks), when In text or horizontally- 
expanded graphics. The coarse r)onzontal position is SR10. 
Note: When honzontal expansion from 640 to 800 is enabled, the hardware 
cursor must be positioned within 10 dote^ 

Memory Map Selection for Icon «0: 

• A 0 in this bit selects map 0. 

• A 1 in this bit selects map 1 . 

Vertical Scanline Doubling for Icon #0: 
When this bit is 1 : 

• Icon #0 displays 128 scaniines. but each scanline is replicated verbcally. 

• Icon #0 extends down and forces all other icons down. 

Horizontal Pixel Doubling tor Icon #0: 
When this bit ts 1 : 

« Icon #0 displays 128 pixels, but each pixel is replicated horizontally. 

• Icon #0 expands to the nght on the display. 

Blink Enable for Icon «0: 

• When this bit is 1 . icon #0 blinks at one-half the text-cursor blink rate. 

• When this bit is 0. icon #0 is steady state. 

Display Mode Select for Icon #0: 

The hardware icon is always 2 bits/pixel and is controlled by these two bits. 

• A 0 in this bit selects the tour-color display mode tor icon #0. 

• A 1 in this bit selects the three-colors-and-transparent display mode. 

Display Enable for Icon #0: 

When this bit ts 1 . it enables icon #0 to display 
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6.7.27 SR2B: Hardware Icon #1 Control Regiater 

I/O Port Address: 3C5 
lndex:2B 



Bit 


Daacnption R« 


Mt State 


7 

f 


High Drive on FPVDCLK and LLCLK 


0 


0 


Monitor Sense Assist Bit 


0 


c 


Memory Map Selection for Hardware Icon #1 


0 


4 


Vertical Scanline Doubling for Hardware Icon #1 


0 




Honzontal Pixel Doubling for Hardware Icon #1 


0 




Blink Enable for Hardware Icon #1 


0 


1 

1 


Display Mode Select for Hardware loon #1 


0 


n 

w 


Display Enable tor Hardware Icon #1 


0 


BH 


Description 




7 


High Drive on FPVDCLK and LLCLK: 






When thjs bit is 1. FPVDCLK and LLCLK have double the normal output drive 




to support high-toad LCDs. 




6 


Monitor Sense Assist Bit: 






When this bit is 1: 






• It disables the internal BLANK# signal to the DACr thus allowing border col* 




or dunng the entire non-display time. 






• and ARX{5] s 0. this bit can be used to force a monitor display for accurate 




monitor sense, independent of the following: 






— CPU speed 






— CPU interrupts 






— the video mode 




5 


Memory Map Selection for Icon #1 : 






• A 0 in this bit selects map 0. 






• A 1 in this bit selects map 1 . 




4 


Vertical Scanline Doubling for Icon #1: 






When this bit is 1 : 






• Icon #1 displays 128 scanlines. but each scanline is replicated vertically. 




• Icon #1 extends down and forces all other icons down. 




5 


Ho izontal Pixel Doubling for Icon #1: 






When this bit is 1 : 






• Icon #1 displays 128 pixels, but each pixel is replicated honzontally. 




• Icon #1 expands to the nght on the display. 
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B.7J27 SR2B: Hardware Icon «1 Control Rogistar (oont.) 



BH Daacription 



2 


Blink Enable for Icon #1: 




• When this bit is 1 . the icon biinks at one-ha/f the text^ursor bJink rate. 




• When this bit is 0, the icon is steady state. 


1 


Display Mode Select for Icon «1: 




The hardware icon is always 2 brts/pixei arnj ts controlled by these two bits. 




• A 0 in thts bit selects the four-color display mode for con #1 . 




• A 1 in this bit selects the three-colorvartd-tFansparent display nr>ode. 


0 


Display Enable for Icon #1: 




When this bit Is 1 . rt enables Icon #1 to display. 
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6.7.28 SR2C: Hardware Icon #2 Control end MieeeJIeneout PCI Regieter 

t/0 Port Address: 3C5 
)ndex:2C 



Bit 


Description 


Reset Stats 


7 


Enable PCI Base Register I4h [31:24] 


0 


6 


Byta-swap for PCI Base Ragister I4h [31:24] 


0 


5 


Mennory Map Selection for toon #2 


0 


4 


VerticaJ Scanlme Doubling tor Icon #2 


0 


3 


HorlzontaJ Pixei Doubling tor Icon #2 


0 


2 


Blink Enable lor Icon #2 


0 


1 


Display Mode Select for Icon #2 


0 


0 


Display Enable for Icon #2 


0 


Bit 


Description 




7 


Enable PCI Base Register 14h: 





• When thfs bit ts 1 . and trie CL-GD7542 is in PCI bus mode, base register 
I4h [31:24] is decoded as a valid address rar>ge. 

• When this bit is 0. this address range is ignored. 

6 Byte-swap for PCI Base Register 14h: 

When this bit is 1, and the CL-GD7542 is in PCI bus mode: 

• Byte swapping is enabled for the base register I4h[3l:24] address range. 

• Byte[0] IS swapped with bytefl], and byte[2] is swapped with bytef3]. 

5 Memory Map Selection for Icon #2: 

• A 0 in this bit selects map 0. 

• A 1 in this bit selects map 1 . 

4 Vertical Scanline Doubling for Icon #2: 

When this bit is 1 : 

• Icon #2 displays 128 scantines. but each scantine is replicated vertically. 

• loon #2 extends down and forces all other icons down. 

3 Horizontal Pixel Doubling for icon #2: 

When this bit is 1 

• Icon #2 displays 128 pixels, but each pixel is replicated hohzontalty. 

• Icon #2 expands to the nght on the display. 

2 Blink Enable for Icon #2: 

• When this t.t is i . icon #2 blinks at one-half the text-cursor tUnk rate. 

• When this bit rs 0, /con #2 is steady state. 

1 Display Mode Select for Icon #2: 

The riardware icon is always 2 bits/pixel and is controlled by these two bits. 

• A 0 in this bit selects the four-color display mode for icon #2. 
* A 1 in this bit selects the three-colors-and-transparent display mode. 

0 Display Enable for Icon «2: 

When this bit is 1 . it enables icon #2 to display. 
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6.7^9 SR20: Hardware Icon «3 Control and HIMEM Saloet Rtglater 

I/O Port Address: 3C5 
lndex:2D 



Bit Oeaedption RM«t State 

7 HIMEM[1] Reference Bft 0 

6 HIMEM[0] Reference Bit 0 

5 Memory Map Selection for Icon #3 0 

4 Vertical Scantine Doubling for icon #3 0 

3 Horizontal Pixel Doubling for Icon #3 0 

2 BUnk Enable for Icon #3 0 

1 Display Mode Select for loon #3 0 

0 Display Enable for loon #3 0 



Bit DeecHption 

7:6 HIMEM(1 :0] Reference BKs: 

These bits are extensions of memory segment select bits In register SR7[7:4]. 
The CL-GD7542 compares the value in these bfts wHh the levels on the 
HIMEM[1:0] pins to define the valid up)per-address space. 

• In VESA local bus operations, when HIMEM[1 :0] = SR2D[7:6] and A[23:20] 
« SR7[7:4], the CL-QD7542 identifies the upper address as Its CPU ad- 
dress-mapped area. 

• in PCI bus operations, when these two brts are non-zero, the chip is in linear 
memory mode. When SR2D[7:6) or SR7r7:4) are not zero, the PCI memory 
map is defined by base registers 10 or 14 (upper bytes). 

' For segmented addressing mode> thes e bits must be 0. 

5 Memory Map Selection for Icon #3: 

• A 0 in this bit selects map 0. 

• A 1 in this bit selects map 1 . 

4 Venice} Seanline Doubting for keen «3: 

When this bit is 1: 

• icon «3 displays 128 scanfines. but each seanline is nepltcated verticaJty. 
* icon #3 extends down and f orces all other icons down. 

3 Horizontal Pixel Doubling for Icon #3: 

When this bit IS 1: 

• Icon #3 displays 128 pixels, but each pixel is replicated horizontally. 
* Icon »3 expands to th e nght on the displi^y. 

2 Blink Enable for Icon «3: 

• When thts bit is 1 . icon #3 blinks at one-half the text-cursor blink rate. 
♦ When this b it is 0. icon #3 is steady state. 

. Continuea on next page. 
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6.7^ SR2D: Hardwart Icon «3 Control and HIMEM SelMt Regittor (cont) 



Bh Deaeiiption 



1 


Display Mode Solaet for icon #3: 




The hardware icon ts always 2 bfts/pixel and is controlled by these two brts. 




• A 0 In this bit selects the tour-odor display mode for icon #3. 




• A 1 in this bit selects the three^lors^and-transparent display mode. 


0 


Display Enable for Icon #3: 




When this bft is V it enables tcon #3 to display. 
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6.7.30 SR2E: Graphics-Cursor Horizontal-Position Extsnsion Rsgistsr 

I/O Port Address: 3CS 
lndex:2E 



Bit Description R«*« State 

7 Earty OVRW# Signal Delay [2] 0 

6 Earty OVRWf Signal Delay [1] 0 

5 Early OVRW# Signal Delay [0] 0 

4 Memory-Write Cyde Delay [1] 0 

3 Memory-Write Cycle Delay [0] 0 

2 Hardware Icon #0 Address Map Select [1] 0 

1 Hardware Icon #0 Address Map Select [oj 0 

0 Hardware Cursor Horizontal Fine-Position msb(3J 0 

Bit Description 



7:5 Eariy OVRWS Signal Delay [2:0]: 



These three bits are used to define the time interval between the Overlay Win- 
dow output from the CL-G07542 and the data Input from the external TV 
decoder. 

• This time interval is used for a time differential ad|u5tment that is Intended 
to compensate for the Feature Connector system delay: 

— /irom the time the OVRW» output is generated 

~ fo the t}me the Feature Connector data is presented to the CL-Q07542 

• Tbe FCEVIDEO input must be externally synchronized to the data input 
from the OVRW# output. 

• The table that follows shows earty dock cydes for either 1 x or 2x DCLKs. 

— The programmed number of earty dock cydes defines the delay 
between the assertion and de-assertion of OVRWf and the 
comssponding start and end of the overlay window. 

— The 1 X DCLXs are typically 25-MHz docks that are used for 8-brt pixels. 

— The 2x DCLXs are typically 50-Mhlz docks that are used for 16*bft 
pixels. 



SR2E 


Total Earty Dock Cycles 


m 


16] 


[51 


IxDCLX 


2x DCLKs 


0 


0 


0 ! 0 


3 


0 


0 


1 { ooni use 


4 


0 


1 


0 1 doni use 


5 


0 


1 


1 1 0 


6 


1 


0 


0 i 


7 


1 


0 


' ' 2 


6 


1 


1 


0 i 3 


9 


1 


1 1 1 , . n 


25 
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6.7.30 SR2E: Graphics-Cursor Horizonui-Posttion Extension Regtster (Cont) 

Bit Description 

4:3 Memory-Write Cycle Delay [1 :0]: 

These two bits are used to delay the start of a memory*wr7te cycte in uritts of 
MCLKs, as explained in the tabJe below: 



SR2E 


Delay Start of 
Memory-Write 
Cycle By: 


Conditions Under Which to Use: 


[41 


t3] 


0 


0 


3MCLKS 


Um (or worsKaaa timng conditions. 


0 


1 


2MCLKS 


OpMtzMl tor 334ilHz PQ but. 
Optimctad for 50-MHz VESA VL ttm. 


1 


0 


1 MCLKs 


OpttTuzad for d3>MHz VL but. 


1 


1 OMCLKs 


Opttrrazad tor 20>MHz VL bin. 



Hardware Icon «0 Address Map Select [1:0]: 

• When this field ts zero, each icon has two memory maps assigned to it 

• When this field is non-zero, only icon #0 can be used. 

— Hardware icon #0 can have up to eight memory maps. 
* The other hardware icons «1:#3 should be disabled. 

— The number in SR2E[2:1) points to the pair of two icon maps selected 
by SR2A[5]. but in this case, all maps will go to icon #0 for display. 

— In this order of significance, SR2E(2:1) and SR2A[5] select the eight 
memory maps for icon #0. 

Hardwnrt Cursor Horizontal Fine Position msb[3]: 

• When SRI 2(3] = 0, the CPU can modify the hardware cursor position. 

• The hardware cursor honzontal fine position is a 4-bit word consisting of 
this bit and three least-significant bits [2:01, «n SfiXfTiS). 

• The hardware cursor honzontal fine positon is used with 10-dot character 
clocks, when tn honzontahy expanded graphics modes. 

• The hardware cursor honzontal coarse position is in register SR10. 

• In norvexpanded graphics modes, this bit is always 0. 

Note- Tne hardware cursor must be positioned within 10 dots when honzontal 
expansion from 640 lo 800 is enabled. 




2:1 
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6.7.31 SR2F: H«lf«Fram»-Aecel«rator FIFO Threshold 

1/0 Port Address: 3CS 
tndex:2F 



Bit 


Deeeription 


Reset State 


7 


Reserved 




6 


Reserved 




5 


Reserved 




4 


Reserved 




3 


Half-Frame Accelerator FIFO Threshold [3] 


0 


2 


Half-Frame Accelerator FIFO Threshold [2] 


0 


1 


Half-Frame Accelerator FIFO Threshold [1] 


0 


0 


Half-Frame Accelerator FIFO Threshold [0] 


0 



Note: These register bits affect only dual-scan panels. 
Bit Description 
7:4 Reserved 

3:0 Half*Frame Accelerator F3F0 Threshold [3:0]: 

The ha)f*frame accelerator RFO is 16 data stages deep and 32 bits wide. 

Before a new request can be made for a refill of the ha)f-frame-aocelerator 
read RFO. SRF[3:0} controls how many 32-bit data stages are empty in the 
half-trame-accelerator read FIFO. (At the same time that the haff-frame-aocet- 
erator read FIFO is emptied, rt is refilled.) 

Note: A color LCD has a higf^er FIFO threshold than a monochrome LCD. 
(To minimize CRT-FIFO tatency, in 16-bit and 24-bit per puel modes, 
program a low ihresnold of 3h for a monochrome LCD. Program 6h for 
a dual-scan color STN LCD.) 

Example: 

\l SR2F[3:0) * 4. after only four hall-frame-acceierator RFO stages are empty» 
a new request, programmed in hex, will be made for new half-frame-acoelera- 
lor cycles. 

For this example, program a FIFO threshold that is: 

• low (2h to 4h) tor 2 to 4 aaia stages for dual-scan monochrome STN panels. 

• higher (4h to 7"h) tor 4 lo 7 data stages for dual-scan color STN panels. 

• less than Ah for all other cases. 
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6*7.32 GR9: OffMt Register 0 

I/O Port Address: 3CF 
lndex:9 



Sn Description Reset State 

7 Offset 0[7] 0 

6 Offset 0(6] 0 

5 Offset 0 [5] 0 

4 Offset 0 [4] 0 

3 Offset 0 [3] 0 

2 Offset 0 [2] 0 

1 Offset 0[1] 0 

0 Offset 0[0] 0 



This register is used to access up to 2 Mbytes of display memory with up to 16-Kbyte granu- 

tantv. 



lanty. 

Brt Description 



(Tp 7:0 Offset Register 0 r7:0]: 

f V ; • This offset register is used when one of the following conditions is true: 

— GRB[0] = 0 

— GRB[0] = 1 a/7c^ address t)it A(15] :s 0 

• When one of the above conditons is true and GRB[5] = 0: 
~ The register's offset value ts added to the contents of XA (bus 

addresses A(19:12]) to provide XMA» an address into display memory. 

— Access is tor 1 Mbyte of display memory with 4-Kbyte granutanty. 

• When one of the above conditions is tnje and GRB[5I s 1: 

— The register's offset value rs added to the contents of XA (bus 
addresses A{20:14]) to provide XMA, an address into display memory. 

— Access IS for up to 2 Mbytes of display memory with 16-Kbyte 
granutanty. 



XMA. XMA is the display memory address, pnor to modification by address 
wrap controls. 

XMA s (Bus Address XA) * (value from Offset Register GR9 or GRA). 

XA. XA IS the address on tne bus. with bits [16] and [15] possibly forced to a 
0 as indicated m the following table, 
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Configuration 


Bus Address XA 


rr Oisptey 
Momory is! 


And Pteglstor Setting: 






[14:0J 


128 Kbytes 


GR6(3:21 « 00 


A(161 


A|151 


A(14:01 


$4 Kbytes 


GR6(3:2) « 01 AND QRB(0] » 0 
(Offset 1 OisebM) 


0 


A(151 


A(14:01 


64 Kbytes 


GR6(3:2|«01 OffGR8I0]»1 
(Offset 1 Enabled) 


0 


0 


AI14:01 



The XA bus address is summed with the contents of an Offset Register with 
one of three relative alignments, according to the configuration indicated in the 
three tables that follow: 



Table 6-3. One MByte of Memory, 4 KBytes of Granuierfty, VGA Mapping 



Bus Address (XA) | 0 


0 


0 


XA(16I 


XA(t5I 


A(141 


A(13J 


A(t2J 


^Offset VUue 


Offsetm 


Off«et(6) 


OfTsetfS] 


Oflset(4] 1 


Ofreet(3] 


Or(eet{2] 


Ofleetfl] 


OffsMfO) 


= OiSDiay Memory 
AddrBSS (XMA) 


XMAfig] 


XMA(181 


XMA(17) 


XMA^^6] 


XMA(15) 




XMAI131 


XMA(12] 


Table S^. Two MBytes of Memor 


KBytes of Granularity, VGA Mapping 


Bus Address | 0 | 0 


0 


0 


XA(16) 


XA(15) 


A|14) 


A(131 


A(12] 


« Offset VaJue 1 Oftsetf6] | Offset(5] 


Oftset(4J 


Of1sel(3] 


OftselI2] 


Offaetfl] 


O(fset(0| 


0 


0 


= Oisptay ; XMA|20) 
Memory ! ' 
Address 


XMAI19] 


XMA(18] 


XMA(ir] 


XMA(161 


XMA(15] 


XMA(14] 


XMA|13) 


XMAt12] 



Table 6-5. One MByte or Two MBytes of Memory, 16 KBytes of Granularity, Linear Addressing 



Bus Aooress 


1^(201 


LA1 19) 


LA|18] 


LA117] 


A(16] 


A(151 


A(141 


A(13I 


A(121 


* Ottse! Value 


Ot1set|6] 


Of1set(5] 


Oftset[4] 


OttsetJ3] 


Otfset[2J 


Offset(1I 


Offset[0] 


0 


0 


3 Disptav 
Memory 
Aaoress 


XMA'20' 


XMAf19i 


XMA(18I 


XMA(17) 


XMAf16j 


XMA(15| 


XMA{14I 


XMA|13] 


XMA{12) 
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6.7.33 QRA; Offset Regffttr 1 

I/O Port Address: 3CF 
Index: A 



Btt Deeeription ReMt State 

7 Offset 1 [7] 0 

6 Offset 1 (6} 0 

5 Offset 1 15] 0 

4 Offset 1 [4] 0 

3 Offset 1 [3] 0 

2 Offset 1 [2] 0 

1 Offset 1(1] 0 

0 Offset 1 [0] 0 



This register is used to provide access for up to 2 Mbytes of display nnemory with 16-Kbyte 

granularity. 

Bit Oeseiiptton 
Offaet 1 P:0): 

• When GRBfO] s 0. this register is disabled. 

• WhenGRB[0] = 1: 

— and A(1 S] ss 1 . ttw contents of GRA(7:0I are added to the contents of 
A[19:12] to provide access to up to 1 Mbyte of address tnto display 
memory, wrth 4-Kbyte granulanty. 

— and GRB[5] » 1 . the contents of GRA(6:0] are added to the contents of 
A[20:14] to provide access to up to 2 Mbytes of address into display 
memory, with 16-Kbyte granulanty. 




■UJZ 7:0 
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6.7.34 GRB: Graphies Controller Mode Extentiont Register 



1/0 Port Address: 3CF 
Index: B 

Bft Deecrtptlon Reset State 

7 Reserved 0 

6 Reserved 0 

5 Offset Granutanty 0 

4 Ennanced Writes for 1 6-bit Pixels Enable 0 

3 6*6yte*Wide Display Memory Data Latches Enable 0 

2 Extended Wrtte Modes Enable 0 

^ By-8 Addressing Enable 0 

0 Offset Register 1 Enatie 0 



This register is used to enable or disable extended wrtte modes which provide enhanced per- 
formance. 

Bit Description 

7:6 Reserved 

5 Offset Granularity: 

When this bit is programmed to 1 , Offset Registers GR9 and QRA are rede- 
fined as containing bits [6:0]. In this case: 

• These brts are added to address bits [20: 1 4] to provide access to 2 Mbytes 
of display memory with 1 &-Kbyte granulanty. 

• SR714) (the low-order bit of a 1 -Mbyte address page) becomes a don1 care. 

• Unear address memory mapping becomes 2 Mbytes on any 2-Mbyte 
boundary. 

4 Enhanced Writes for 16-blt Pixels Enable: 

GRB[2] must be 1 in order to enable this bit. When both GRB(2] and GRB[4) 
are programmed to 1. the CL^D7542 will execute the foiiowing enhanced 
wnte modes when Extended Wnte Modes 4 and 5 are enabled and executed: 

• By«16 Addressing Enabled: 

The system address is shitted by 4. relative to tnje packed-pixel address- 
ing, so that each system byte address points to a different 8-pixel (16-byte) 
block in display memory. 

• 16-Byte Transfer Enabled: 

Up to 16 bytes (8 pixels) can be wntten into display memory for each CPU 
byte transfer. 

• GR10 and GR11 Enabled: 

GRIO and GRi 1 are enabled as foreground and background color exten- 
sions 

• SR2 Doubling Enabled: 

Each bit of SR2 is used as a pixel write mask for two bytes (one pixel). 

Conunuea on next page 
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6.7 J4 GRB: Graphic* Controltor Mode Ext«ntions Register (cont) 
Bit Deecilption " 

3 a-Byte-Wide Display Memory Date Latchee Enable: 

When this bit » 1, display memory data latches are 8 bytes wide rather than 
the normal 4 byte s. 

2 Extended Write Modes Enable: 

When this bit is 1. the CL-GD7542 will enable and execute the following 
extended write modes: 

• 8-Byte Transfer Enabled: 

— When GRB(2) « 1 , up to 8 bytes (8 pixels) can be wrttten into display 
memory for each CPU byte transferred. 

— When GRB[21 = 1 antf GRB(4) « 1 , up to 16 bytes can be written into 
display memory for color expansion. 

• GR5[2] Enabled: 

When GRB(2] « 1 . Extended Write Modes 4 and 5 can be enabled. 

• GRO Extended: 

When GRB{2] = 1 , Register GRO is extended from 4 bits to 8 bits. 

• GR1 Extended: 

When GRB(2] = 1 , Register GR1 »s extended from 4 bits to 8 bits, 

• SR2 Extended: 

When GRB{2] = 1 . Register SR2 is extended from 4 bits to 8 bits. 

• GRB[4] Enabled: 

When GRB[2] = 1, GRB[4] is enabled. 

1 By-8 Addressing Enable: 

• When this bet is 1, the system address is shitted by 3, relative to tnje 
packed-ptxel addressing, so that each system byte address points to a dif- 
ferent S-pixel (&-byte) block in display memory. 

» When GRB[4] = 1 . this bit is a don't care. ^ 

0 Offset Register 1 Enat>le: 

• When this bit is programn^ to 1 . the value in system address [15] will be 
used to choose between Offset Register 0 and Offset Register 1 . 

• When this bit is programmed to 0. the value in system address [1 5] wilt be 
ignored, and Offset Register 0 will atways be chosen. 

• This bit must always t>e programmed to a 0 for 1 Mbyte of lir>ear addressing. 
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6.7.35 GRC: Color Koy Compare Register 

I/O Port Address: 3CF 
Index: C 

Bit Description Reset State 

7 Color Key Compare [7] 1 

6 Color Key Compare [6] 1 

5 Color Key Compare [5] 1 

4 Color Key Compare [4] 1 

3 Color Key Compare (3) 1 

2 Color Key Compare (2] 1 

1 CoiorKey Compare [1] 1 

0 Color Key Compare [0] 1 

This register contains an 8-brt value that is compared to video data. For more information, 
refer to Appendix A8. 

Bit Description 

7:0 Color Key Compare [7:0]: 

This register contains an 8-t>(t value that ts compared to the video data. When 
Mode Switching 10 or 11 is chosen, a nr^tch between this value in GRC[7:0] 
and the video data value will cause the video data pixel to be replaced with 
data from the feature connector 
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6.7.36 GRO: Color Key Compare Mask Register 

I/O Port Address: 3CF 
Index: 0 



Bit Description Reset State 

7 Color Key Compare Mask [7] 0 

5 Color Key Compare Mask [6] 0 

5 Color Key Compare Mask (5) 0 

4 Color Key Compare Mask [4] 0 

3 Color Key Compare Mask [3] 0 

2 Color Key Compare Mask [2] 0 

1 Color Key Compare Mask [1] 0 

0 Color Key Compare Mask foj 0 



This register contains an B-bit mask under which the color key comparison of GRC is made. 
For more information, refer to Appendix AS. 

Bit Description 

7:0 Color Key Compare Mask [7-0]: 

A tit value of 1 tor a GRD bit will cause the con'esponding video data bit to be 
miasked out and qsI paruopate m the color companson. 
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6.7.37 GRE: PCI-Bur«t and GrMinPC Control Regtstar 

I/O Port Address: 3CF 
Index: E 

Bit Description 

7 Reserved 
5 Reserved 
5 Reserved 

4 Enable PCI-Bus Burst-Write Mode 

3 Enable Extensive PCI-Bus Burst-Wrtte Mode 

2 DPMS (Green PC) Control [1} 
1 DPMS (Green PC) CJontrol [OJ 
0 DCLK Output Divided By Two 

This register contains misceliar^us control bits. 
Bit Deacfip tion 

7:5 Reserved . 

4 Enable PCI-Bua Burtt-WrHe Mode: 

• When the PCI bus is selected (SR22[7] « 1 or SR2210] = 1 ), and this bit is 
1 . the CPU may execute burst writes during verticaJ non-display time. 

• When the system BrtBLT (bit block transfer) is enabled, the CL-GD7542 au- 
tomatically disables this burst«write function. 

• The CL-GD7&42 do es not support PCI-burst-read cydes. 

3 Enable Extensive PCI*Bus Burst«Wrtte Mode: 

When the PCI bus is selected {SR22[7) = 1 or SR22[0] = 1). and this bit is 1. 
the CPU may execut e burst wntes anytime during a frame. 

2: 1 DPMS (Green PC) Control [1 :0]: 

These two bits control the CRT monitor power as specified in the Display 
Power Management Signalling (DPMS) specification, as shown in the follow- 
ing table: 



GRE 


CRT 
Monitor 
Power 

Mode 


VSYNC 
Activity 


HSYNC 
Activity 


DAC 
Power 


CL-G07542 

Power 
Management 
Mode 


[2] 


11] 


0 1 0 


On 1 Pulsing | Pulsmg 


On 


Active 


0 


1 


Standby 


Putsing 


sutsatMisqe] 

inactive level 


Ofl 


Active, Standby, 
or Suipend 


1 


0 


Suspend 


StabcatMlSCn 
inactive level 


Pulstng 


Oil 


Active. Standby, 
or Suspend 


1 i 1 


Off 


Static at MtSCpn 
inactive tevet 


State at MISC[6] 
inactrve level 


Off 


Active. Standby, 
or Suspend 
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6.7.37 GRE: PCI-Bur«t and GrMr>-PC Control Regiator (Cent) 
Bit Description 



2'A(cont.) Because the DPMS CRT power-management modes are not related to the 
CL-G07542 controller power*management modes, they can be independentfy 
programmed, except for the following restrictions: 

• Prior to ptaong the CL-G07542 in Suspend mode, the BIOS may program 
any OPMS power-savtng mode for the CRT, 

The 32'kHz input to the CL-G07542 is used to provide any sync pulse 
required by the DPMS. 

• When the CL-GD7542 timer-dhven (that is, hardware-controlled) Standby 
mode is used, the DPMS STANDBY signal ts forced by the hardware. 

— Because the CL-GD7542 Standby mode Is ttmer-driven, software 
control is not allowed. 

• When the CL-QD7542 is in LCD-only mode, the BIOS must set QRE12:1) = 
1 1 to power off any CRT that may be connected to the notebook computer. 

• The inactive static VSYNC and HSYNC signal levels are determined by the 
polanty selecbon in Exterr^t/Generai Register MtSC[7:6]. 

^ — When MISCm « 1 , the inactive level is low for the VSYNC signal. 

— When MISC[6] » 1 . the inactive level is low for the HSYNC signal. 



^ 0 DCLK Output Divided By TWo: 



When this bit is 0. the CL-GD7542 operates normally. 
_ When this bit is 1 . the CL*GD7542 emulates external DAC docking mode 1 . 

^ — The DCLX nsing edge can be used to clock a 16>bft data pixel low byte. 

— The DCLK falling edge can be used to dock a 1 6-b(t data pixel high byte. 
If • In the CL-GD7542, the option of setting this bit to 1 : 

If — works only for the CRT-only mode. 

5 — does not work for the LCD or SimulSCAN mode. When this bit is 1 , the 

Q dock to the LCD section is also divided by two, which prevents the LCD 

from working property. 
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6.7.38 GR10: 1ft*lt Pixel Background Color High Byte Regleter 

1/0 Port Address: 3CF 
lr>dex: 10 

Bit Deacription RaaatState 

7 Background Color [15] ^ 

6 Background Color [14] 0 

5 Background Color [13] " 

4 Background Color [12] ^ 

3 Background Color (11) ^ 

2 Background Color [10] ^ 

Background Color [9] ^ 



1 



0 Background Color [8] ^ 

This register contains the highnsrder eight bits of the background cotor for Extended Write 
Mode 5. 

BH Description — — 

7:0 Background Color [15:8]: 

• The contents of this register 

— are the high-order eight bits of the background color for Extended Write 
Mode 5. 

~ are sent to display memory map planes 1 and 3. 

• The contents of Graphics Controller Register GRO: 

— are the low-order eight brts of the background cokjr for Extended Write 
Mode 5. 

— are sent to display memory map planes 0 and 2. 
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6.7.39 QR11: 16-blt Plx«l Foreground Color High Byte Register 

I/O Port Address: 3CF 
Index: 11 

Bit Oeecfiption State 

7 Foreground Color [15] 0 

6 Foreground Color [14] 0 

5 Foreground Color (13] 0 

4 Foreground Color [12] 0 

3 Foreground Color [11] 0 

2 Foreground Color [10] 0 

1 Foreground Color (9) 0 

0 Foreground Color [8] 0 

This register contains the high-order eight bits of the foreground color for Extended Write 
Modes 5 and 4. 

BH Oescriptlon 

7:0 Foreground Color [15:8]: 

• The contents of this register 

— are the high-order eight bits of the foreground color for Extended Write 
Modes 5 and 4. 

— are sent to display memory map planes 1 and 3. 

* The contents of Graphics Controller Register GR1 : 

— are the low-order eight bits of the foreground color for Extended Write 
Modes 5 and 4. 

— are sent to display memory map planes 0 and 2. 
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6.7.40 GR20: BLT Width Low Register 

I/O Port Address: 3CF 
Index: 20 



Bit Description Rssst Stats 

7 BLT Width (71 0 

6 BLT Width [6] 0 

5 BLT Width (5] 0 

4 BLT Width (4] 0 

3 BLT Width [3] 0 

2 BLT Width (2) 0 

1 BLT Width (1) 0 

0 BLT Width [0] 0 



This register contains the low-order eight bits of the BitBLT (bit block transfer) width. For more 
information on the BitBLT, refer to Appendix A1. 

Bit Description 

To BLT Width [7:0): 

This field ts the low-order eight bits of the 11-brt value specifying the widtfvl, (n 
bytes, of the areas involved in a BitBLT. 
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6.7.41 GR21: BLT Width High Register 

I/O Port Address: 3CF 
Index: 21 



BM 


Description 


7 


Reserved 


6 


Reserved 


5 


Reserved 


4 


Reserved 


3 


Reserved 


2 


BLT Width [10] 


1 


BLT Width [9] 


0 


BLT Width [8] 



Reset State 



This register contains the high-order three bits of the BLT width. 

Bit Description — 

7:3 Reserved 

2:0 BLT Width [10:8J: 

This field is the high-order three bits of the 11 -bit value specifying the width-1 , 
in bytes, of the areas involved in a BitBLT. 
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6.7.42 GR22: BLT Height Low Reglsttr 

I/O Port Address: 3CF 
Index: 22 

Bit D—eripOon Strte 

7 BLTH«ight(7] 0 

6 BLT Height (6] 0 

5 BLT Height (5) 0 

4 BLT Height (4J 0 

3 BLT Height (31 0 

2 BLT Height (2) 0 

1 BLT Height (1] 0 

0 BLT Height (0] 0 

This register contains the low-order eight bits of the BLT height For more informalion on the 
BitBLT. refer to Appendix A1. 

Bit DeecfipMon 

7:0 BLT Height [7:0]: 

This field is the low-order eight bits of the 10>bit value specifying the height-1 , 
in scanlines. of the areas involved in a BitBLT. 
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6.7.43 GR23: BLT H«ight High Register 

I/O Port Address: 3CF 
Index: 23 

Bit Deeeriptfon Reeet State 

7 Reserved 
6 Reserved 
5 Reserved 
4 Reserved 
3 Reserved 
2 Reserved 

1 BLT Height [9] 0 

0 BLT Height [8] 0 

This register oorrtains the high-order two bits of the BLT height 
BH Description 
1'2 Reserved 

1^0 BLT Height [9:8]: 

This field is the high-order two bits of the 10>blt value specifying the height* 1. 
in scartlirws, of the areas involved in a BitBLT 
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6.7.44 GR24: BLT Destination Pitch Low Register 

I/O Port Address: 3CF 
Index: 24 



Bit Description State 

7 BLT Destination Pitch [7] 0 

6 BLT Destination Pitch [6] 0 

5 BLT Destination Pitch [5] 0 

4 BLT Destination Pitch (4} 0 

3 BLT Destination Pitch (3] 0 

2 BLT Destination Pitch [2] 0 

1 BLT Destinaton Pitch [1] 0 

0 BLT Destinaton Pitch [0] 0 



This register contains the *ow*order eight bits of the BLT destination pitch. For more informa- 
tion on the BitBLT refer to Appendix A1 ; 

Bft Description 

7:0 BLT Destination Pitch [7:0]: 

This field is the low-order eight bits of the 12-bit value specifying the destina- 
tion pitch (that is. the scanline-to-scanline byte address offset) of the areas 
involved in a BitBLT 
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6.7.45 GR2S: BLT Destination Pitch High Register 
I/O Port Address: 3CF 

Index: 25 



Bit Oeeeription Reset State 

7 Reserved 

6 Reserved 

5 Reserved 

4 Reserved 

3 BLT Destination Pitch [11] 0 

2 BLT Destination Pitch [1 OJ 0 

1 BLT rkMnSLtor) Pitch (9] 0 

0 BLT Destination Pitch [8] 0 



This register contains the high-order four bits of the BLT destination pitch. For more informa- 
tion on the BitBLT, refer to Appendix A1 . 



Bit Description 



7:4 


Reserved 


3:0 


BLT Destination Pitch [11:8]: 




This field is the high-order four bits of the 12-b(t value specifying the destina- 




tion pitch of the areas involved in a BitBLT. 
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6.7.46 6R26: BLT Source Pitch Low Register 

I/O Port Address: 3CF 
Index: 26 



Bit DeecHption Reset State 

7 BLT Source Pitch [7] 0 

6 BLT Source Pitch [ej 0 

5 BLT Source Pitch (5) 0 

4 BLT Source Pitch [4J 0 

3 BLT Source Pitch (3) 0 

2 BLT Source Pitch (2) 0 

1 BLT Source Pitch (1) 0 

0 BLT Source Pitch [0] 0 



This register contains the low-crder eight bits of the BLT source pitch. For more information 
on the BitBLT, refer to Appendix A1 . 

BH Description 

7:0 BLT Source Pitch [7:0]: 

This field ts the low-order eight txts of the 12-bit value specifytng the source 
pitch (that is. the scanline-to-scanline byte address offset) of the areas 
invotved in a BitBLT 
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6.7.47 GR27: BLT Source Pitch High Register 
1/0 Port Address: 3CF 
Index: 27 



Bit E)eseriptlon RM^t State 

7 Reserved 

6 Reserved 

5 Reserved 

4 Reserved 

3 BLT Source Pitch [11] 0 

2 BLT Source Prtch [10] 0 

1 BLT Source Pitch (9) 0 

0 BLT Source Pitch [8] 0 

This register contains the high-order four bits of the BLT source pitch. 

Bit Oeseiiption 



7:4 Reserved 

3^0 BLT Source Pitch [11:8]: 

This fieid is the high-order four bits of the 12*brt value specifying the source 
pitch (that is. the scanltne-to-scanline byte address offset) of the areas 
involved in a BitBLT 
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6.7.48 GR28: BLT Destination Start Low Regiator 

I/O Port Address: 3CF 
Index: 28 



Btt 


Description 


Resets 


7 


BLT Destiriation Start [7] 


0 


6 


BLT Destination Start [6] 


0 


5 


BLT Destination Start [5] 


0 


4 


BLT Desttnaton Start [4] 


0 


3 


BLT Destination Start [3] 


0 


2 


BLT Destination Start [2] 


0 


1 


BLT Destination Start [t] 


0 


0 


BLT Destination Start [0] , 


0 



This register contains the tow-order eight bits of the BLT destination start For more tntonna- 
tion on the BitBLT refer to Appendix A1 . 

Bit Description 

7:0 BLT Destination Start [7:0]: 

TTiis field is the low-order eight of the 21 •M BLT destination stan value 
that specifies the byte address of the beginning destination pixel for a BitBLT. 
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6.7.49 GR29: BLT Destination Start Mid Register 

1/0 Port Address: 3CF 
Index: 29 

Bit Description Reset State 

7 BLT Destination Start [15] ^ 

6 BLT Destination Start (14] 0 

5 BLT Destination Start [13] " 

4 BLT Destination Start (12] ^ 

3 BLT Destination Start (11] ^ 

2 BLT Destination Start (10] 0 

1 BLT Destination Start (9J 0 

0 BLT Destination Start [8] 0 



This register contains the middle eight bits of the BLT destination start 
Bit De scription 

7:0 BLT Destination Start I15:SJ: ^ . ^ ♦ 

This field IS the middle eight tJrts of the 21-t>it BLT destination start value that 
specifies the t>yte address of the beginning destination pixel for a BttBLT 
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6.7.50 GR2A: BLT Destination Start High Register 

I/O Port Address: 3CF 
Index: 2A 



Bit Description Reset State 

7 Reserved 

6 Reserved 

5 Resented 

4 BLT Destination Start [20] 0 

3 BLT Destination Start [19] 0 

2 BLT Destination Start [18] 0 

1 BLT Destination Start [17] 0 

0 BLT Destination Start [16] 0 

This register contains the high-order five bits of the BLT destination start. 

Bit Description 

^ 7:0 BLT Destination Start [20:16]: 

2 This field is the high-order five bits of the 21-brt BLT destination start vaJue that 



specifies the byte address of the beginning destination pixel for a BitBLT 

%■» 

ii 
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6.7.51 GR2C: BLT Source Start Low Register 

t/0 Port Address: 3CF 
Index: 2C 



BK DMCriptlon R«««t Strte 

7 BLT Source Start [7] 0 

6 BLT Source Start [6] 0 

5 BLT Source Start [5] 0 

4 BLT Source Start (4] 0 

3 BLT Source Start (3] 0 

2 BLT Source Start [2] 0 

1 BLT Source Start [1] 0 

0 BLT Source Start [Oj 0 



This register contains the low-order eight bits of the BLT source start For more information 
on the BitBLX refer to Appendix A1 . 

BK Description 

7:0 BLT Source Start f7:0]: 

This field is the low*order eight bits of the 21 -bit BLT source start value that 
spedfies the byte address of the beginning source pixel for a BitBLT. 
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6.7.52 GR2D: BLT SourM Start Mid Register 

I/O Port Address: 3CF 
Index: 2D 



Bit Description Reset State 

7 BLT Source Start [15] 0 

6 BLT Source Start [14] 0 

5 BLT Source Start [13] 0 

4 BLT Source Start [12] 0 

3 BLT Source Start [11] 0 

2 BLT Source Start [10] 0 

1 BLT Source Start [9] 0 

0 BLT Source Start [8] 0 



This register contains the middle eight bits of the BLT source start 

Bit Description 

To BLT Source Start [15:8]: 

Thrs field is the middle eight bits of the 21 -bit BLT source start value that spec- 
ifies the byte address of the beginning source pixel for a BitBLT. 
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6.7.53 GR2E: BLT Soure« Start High Register 

I/O Port Address: 3CF 
fndex: 2E 



Bit 


Description 


Reset State 


7 


Reserved 




6 


Reserved 




5 


Reserved 




4 


BLT Source Start [20] 


0 


3 


BLT Source Start [19] 


0 


2 


BLT Source Start [18] 


0 


1 


BLT Source Start [17] 


0 


0 


BLT Source Stan [16] 


0 


This register 


coTYtains the high-order five bits of the BLT source start 


Bit 


Description 




7:5 


Reserved 




4:0 


BLT Source Start [20:161: 






This field is the high-order five bits of the 21-t>it BLT source start value that 




specifies the byte address of the beginning source pixel for a BftBLT. 
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6.7.54 GR30: BLT Mod« Register 

1/0 Port Address: 3CF 
Index: 30 



Bit OMcription Res«t State 

7 Enable Color Expand 0 

6 Enable 8x8 Pattern Copy 0 

5 Reserved 

4 Color Expand / Transparency Width 0 

3 Enable Transparency Compare 0 

2 BLT Source Display Memory / System Memory 0 

1 BLT Destination Display Memory / System Memory 0 

0 BLT Direction 0 

This register contains the bits that specify the BItBLT (bit block transfer) details, but not the 
BLT raster operation. For more information on the BitBLT, refer to Appendix A1 . 

Bit Description 



7 Enable Color Expand: 



• When this bit is programmed to 1 , the raster operation source will be the 
expanded result from the bct^mapped source. 

~ The destination must be screen memory. 

— The direction must be incremental. 

— Raster operations are available for ail block moves. 

— Graphics Controller Registers GRO and GR1 and Extension Registers 
GR10 and GR1 1 are used for bit-map oolor<^xpar>ded BLT operations. 

— When the source data is es^anded. the most-significant bit of the first 
source byte will become the first pixel in the screen nr)emory destination. 

— For color-expanded BLTs (the source is system memory or display 
memory), each logical line must be an even byte. 

— Source bytes must be completely used. As a result, when a logical 
line is not an even multiple of eight pixels, 'dummy* bits are used to 
fill it out to an even byte. 

— 'Dummy' bits will be ignored under control of the BLT wklth setting. 

— When the source of color-expanded data is display memory, the source 
starting address must be on a 4-byte boundary, and the addressing will 
always be linear. (The source pitch will be ignored.) 

— Fo. information regarding color expansion, refer to Appendix A4. 

• When this bit is programmed to 0. the raster operation source will be the 
pixel data read from the source. 

Continued on next page, 
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6.7^ GR30: BLT Mode negi9ter(cont) 

Bit DMcrlptlon 

6 Enable 8x8 Pattern Copy: 

When this bit is 1 , the source pattern will be copied repeatedly to the destina- 
tion rectangular area. 

* The pattern source must be aligned on a four*byte boundary. 

• The pattern source will be linear-addressed data in one of three an-ange- 
ments as shown in the following table: 



Operating Mode 


Pattern Source Arrartgement 


Cotor Ej^antaon Enabled 


0 tyytes of monochrome bivnep tor the 6x6 pattefn 


8-brt Pixels 


64 bytes Of color data tor 64 ptols 


IS^Pnets 


126 bytes of color data tor 64 pixels 



5 Reserved 

4 Color Expand / Transparency Width: 

• WhenGR30f7]is1: 

— and this bit is 1 , the bit-mapped source wilt be expanded to 16 bits/pixel. 

— and this bit is 0. the bit-mapped source will be expanded to 8 bits/pixet. 

• WhenGR30(3Jis 1: 

— and this bit is 1, the transparency compare will be on 16-bit pixels. 

— and this bit is 0. the transparency comoare will be on 8-bit pixels. 

3 Enable Transparency Compare: 

• When this bit is 1. then for each pixel, the result of the raster operation ts 
compared to the Transparent Color Registers (Extension Registers GR34 
and GR35). 

— When the compare is a match, data are not written to the destination. 

— When the color-expand BLT is to be used with an opaque foreground 
and a transparent background (simitar to Extended Write Mode 4). the 
transparency feature must be used, and the transparent color must be 
set to the background color. 

• When thfs bit is 0, the data are written to the destination without regard to 
Transparent Color Registers GR34 and GR35. 

Qonvnue<i on next page. 
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6.7^ GR30: BLT Mode n^\mfr(cont) 
Bit Description 

2 BLT Source Display Memory / System Memory: 

• When this bit is 1 , the BLT source will be system memory. 

— The CPU will perform the system bus transfers, but the CL-GD7542 will 
ignore the address provided with such transfers. 

— The CPU is required to transfer data in increments of four bytes. 
When the total number of bytes moved for a BLT is not a multiple of 
four, the CPU must write 'extra* bytes. 

— Systerrvmemory-to-system-memory BLTs are not allowed. 

• When this bit is 0, the BLT source wilt be display ntemory. 

• When system-to-screen BitBLTs are being executed: 

— that involve color expansion, the BLT Source Start Registers GR2C, 
GR2D. and GR2E must be cleared to 0. 

— that do not involve color expansion, 16-btt host transfers must be used. 
M or the system will become non-operative. 



1 BLT Destination Display Memory / System Memory: 

• When this bit is 1 . the BLT destination will be system nwmory. 

^ — The CPU will perform the system bus transfers, but the CL-GD7542 will 

0 ignore the address provided with such transfers. 

13 — The CPU is required to transfer data In increments of four bytes. 

B When the total number of bytes moved for a BLT is not a multiple of 

gf four, the CPU must read 'extra' bytes. 

— System-memory-to-system-memory BLTs are not allowed. 

• When this brt is 0. the BLT destination will be display memory. 

Wj • When system-to-saeen BitBLTs are being executed. 16-blt host transfers 
^1 must be used, or the system will become non-operative. 

^ 0 BLT Direction: 

p When this bit: 

• isl: 

S — the source and destination addresses will be decremented. 

— The BLT will pnxeed from higher addresses to lower addresses. 

— The starting address will be the highest addressed byte in each area. 

• is 0: 

— the source and destination addresses will be incremented. 
— The BLT will proceed from lower addresses to higher addresses. 
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6.7.55 GR31: BLT Start / Status Register 

I/O Port Address: 3CF 
index: 31 

Bit Description Rwet State 

7 Reserved 
6 Reserved 
5 Reserved 
4 Reserved 

3 BLT Progress Status (Read Only) 0 

2 BLT Reset 0 

1 BLT Start /Suspend 0 

0 BLT Status (Read Only) 0 

This register contains the bit that begins a BLT and a M that indicates whether the BLT has 
completed. For more information on the BitBLT. refer to Appendix A1 . 

Bit D escription ^^^^^^^^^^ 

7:4 Reserved 

3 BLT Progress SUtus (Read Only): 

This brt will be set to 1 at the start of a BLT. 

• When the BLT operation resets (refer to GR32I2]), this brt dears to 0. 

• When the B LT operation suspends (refer to GR31[1]), this bit remains a 1 . 

2 BLT Reset: 

• When this bit is set to 1: 

— The entire BLT engine is immediately reset and any operation in 
progress will be terminated. The operation cannot be restarted. 

— GR31[3] dears too. 

• This bit must be deared to 0 before an y BitBLT operations are attempted. 

1 BLT Start /Suspend: 

• When this brt is set to 1 . the BLT starts with the next available display mem- 
ory cyde. 

• GR31(0] must be monitored to detemiine when the BLT is complete. 

• This bit will dear to 0 when the BLT completes. 

• When this brt is deared to 0. the BLT suspends at the cun'ent scanline end. 

— V^n the BLT is suspended, the BLT Height Registers reflect the line 
count tor the last completed transfer. 

— When the BLT is suspended. GR31[3) remains a 1. 

A suspended BLT may resume by setting this bit to 1 . 

0 BLT Status (Read Only): 

• When this bit Is a 1 . the BLT is in progress. 

• When this bit is a 0, the BLT is complete. f aentiai 
SS« So--- 
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6.7.56 GR32: BLT Raster Operation Register (ROP) 

1/0 Port Address: 3CF 
Irxlex: 32 



Bn Description Reset State 

7 f[7] 0 

6 . f[6] 0 

5 ffS] 0 

4 fI4] 0 

3 f[3] 0 

2 f [2] 0 

1 f(1] 0 

0 f[0] 0 



This register selects a raster operation turwtlon. For more information, refer to Appendix A1 . 
Bit Descriptio n 

7:0 f [7:0]: — — ^— — __ 

This eight-bit value selects 1 of 16 possible Iwo-operand raster operation 
(ROP) functions, as indicated in the tatNe below: 



Z (Logical Function: 
Algebraic Notation) 


ROP No. 
(Hex) 


Comparable 
Microsoft Name 


talue Microsoft 
Uses to Get ROP 


0 


00 


BLACKNESS 


00000042 


1 


OE 


WHITENESS 


0OFFO062 


s 


OD 


SRCCOPY 


OOCC0020 


0 


06 




00AA0029 


*s 


00 


NOTSRCCOPY 


00330006 


-D 


OB 


DSTINVERT 


00550009 


S.D 


05 


SRCAND 


008800C6 


S.-D 


09 


SRCERASE 


00440328 


-S.D 


50 




00220326 


-s.-o 


90 


NOTSRCERASE 


001100A6 




6D 1 


SRCPAIWT 


00EE0086 




AD J 


00DO0228 




06 1 


MERGEPAINT 


00BB0226 


-S*-D j 


DA 1 




00770CE6 


S- - 0 j 


59 1 


SRCINVERT (xor) 


00660046 


1 S-D j 


95. [ 


• (xnor) 


00990066 
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6 J.57 GR34: BLT Transparent Color Low Register 

1/0 Port Address: 3CF 
Index: 34 



Bit Description Reset State 

7 BLT Transparent Color [7] 0 

6 BLT Transparent Color [6] 0 

5 BLT Transparent Color [5] 0 

4 BLT Transparent Color [4] 0 

3 BLT Transparent Color [3] 0 

2 BLT Transparent Color [2] 0 

1 BLT Transparent Color [1] 0 

0 BLT Transparent Color [0] 0 



This register contains the low-order eight bits of the 16-btt Transparent Color. For more infor- 
mation on the BitBLT, refer to Appendix A1 . 

Bit Description 

7:0 BLT Transparent Color f7:0]: 

• This field is the low-order eight bits of the BLT Trarisparent Color. 

• When GR30i3] s 1 , this value wilt t>e compared with the raster operation re- 
suit If it is equal, the raster operation result is not wrttten to the destination. 
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6.7.58 GR3S: BLT Transparent Color High Register 

1/0 Port Address: 3CF 
Index: 35 



Bit Description Reset State 

7 BLT Transparent Color [15] o 

6 BLT Transparent Color [14] o 

5 BLT Transparent Color [13] o 

4 BLT Transparent Color ( 1 2] o 

3 BLT Transparent Color [11] o 

2 BLT Transparent Color [ 1 0] o 

1 BLT Transparent Color [9] o 

0 BLT Transparent Color [8] o 



Th(s register contains the high-order eight bits of the 16-bit Transparent Color For more infor- 
mation on the BrtBLT refer to Appendix A1 . 

Bit Oeseription 

7:0 BLT Transparent Color [15:8]: 

• This field is the high-order eight bits of the BLT Transparent Color. 

• When Graphics Controller Register GR30[3) = 1. this value will be com- 
pared with the raster operation result. If tt Is equal, the result is not written 
to the destination. 

• For 8-bit color modes, Graphics Controller Register GR35 must be set 
equal to GR34. 
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6.7.59 GR38: BLT Transparent Color Mask Low Register 

I/O Port Address: 3CF 
Index: 38 

Bit DescHption Reset State 

7 BLT Transparent Color Mask [7] 0 

6 BLT Transparent Color Mask [6] 0 

5 BLT Transparent Color Mask [5] 0 

4 BLT Transparent ColQr Mask [4] 0 

3 BLT Transparent Color Mask [3] 0 

2 BLT Transparent Color Mask [2] 0 

1 BLT Transparent Color Mask [1 ] 0 

0 BLT Transparent Color Mask [0] 0 

This register contains the low-order eight bits of the 16-t)(t Transparent Color Mask. For more 
inforrr^ation on the BitBLX refer to Appendix A1 . 

Bit Description 



7:0 BLT Transparent Color Mask [7:0]: 

^ • This field is the low-order eight t>its of the BLT Transparent Color Mask. 

^ « When Graphics Controller Register GR30[3] = 1 . the transparent color will 
^ be compared with the raster operation result urKler this mask. If rt is equal, 

Q the result is not written to the destination. 

^ • A 1 in any bit location makes the corresponding compare a don't care. 

t 



m 
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6.7.60 GR39: BLT Transparent Color Mask High Register 
1/0 Port Address: 3CF 
Index: 39 



Bit Omeription Ras«t State 

7 BLT Transparent Color Mask [15] 0 

6 BLT Transparent Color Mask (14J 0 

5 BLT Transparent Color Mask (1 3) 0 

4 BLT Transparent Color Mask (1 2] 0 

3 BLT Transparent Color Mask [11] 0 

2 BLT Transparent Color Mask [10] 0 

1 BLT Transparent Color Mask [9] 0 

0 BLT Transparent Color Mask [6] 0 



This register contains the high-order eight bits of the 16-bft Transparent Color Mask. 
BH Deeeription 

Tio BLT Transparent Color Mask [15:8]: 

• This field is the high-order eight bits of the BLT Transparent Color Mask. 

• When Graphics Controller Register GR30[3] s i, the transparent color will 
be compared with the raster operation result under this mask. If tt is equal, 
the result is not written to the destination. 

• For &-b(t color modes, GR39 must equal GR38. 

• A 1 In any bit location makes the con-esponding compare a don't care. 
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6.7.61 CR19:lnterlae« End Register 

I/O Port Address: 3?5 
Index: 19 



Bft DMcription Reset State 

7 Interlace End [7] 0 

6 Interlace End [6] 0 

5 Interlace End [5] 0 

4 Interlace End [4] 0 

3 Interlace End [3] 0 

2 Interface End [2] 0 

1 Interface End [1] 0 

0 Interface End [0] 0 



NOTE: The T in the above register address is 3' in Monoehronw Mode and t)' in Color Mode. 
M "^'S register contains the ending horizontal character count for the Odd Field VSYNC. 

# BH Description 

Intertace End: 

• This value is the mmber of characters in the last scanline of the Odd Field 
in Interfaced timing. 

• This value can be adjusted to center the scanlines in the Odd Field half-way 
between scanlines in the Even Field. 

• This register is typically programmed to approximately half of the Horizontal 
Total. 



ip. 

I 
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6.7.62 CR1A: Miscellaneous Control Register 

I/O Port Address: 3?5 
Index: 1A 



Bit DMcrtption Reset State 

7 Vertical Blanking End Extension [9j 0 

6 Vertical Blanldng End Extension [8j 0 

5 Horizontal Blanking End Extension [7] 0 

4 Horizontal Blanking End Extension [6] 0 

3 DAG Mode Switching / Overtay Mode Control (1 ] 0 

2 DAC Mode Switching / Overtay Mode Control (oj 0 

1 Enable Double Buffered Display Start Address 0 

0 Er^able Interiaced Timing o 



N071: The 7' in the above register address is *B' in Monochrome Mode and 'D' in Color Mode. 
This register contains timing extension bits as well as some miscellaneous control bits. 
Bit Description 

7:6 Vertical Blanking End Extension [9:8]: 

This two-bit fiekJ is used to extend the Verticai Blanking End value to 10 bits, 

• These bits are enabled only when CR1B[5] is 1 or when CR1B[7] is 1 . 
* For more infonnation on the functio ning of these bits, refer to CR16. 

5 4 Horizontal Blanking End Extension [7:6]: 

This tw>brt fieW is used to extend the Horizontal Blanking End value to 8 bits. 

• These bits are enabled only when CR1 BrS] is 1 or when CR1 B[7] is 1 . 
* For more information on the functioning of these bits, refer to CR3{4:0]. 

3:2 DAC Mode Switching / Overlay Mode Control [1:0]: 

This field is used to select DAC Mode Switching and Overtay Mode, as sum- 
marized in the following table. For more information, refer to Appendix A8. 



CR1A 


DAC Mode 
Swrtehing 
Enabled or 
Disabled 


Overlay Mode Control 


[3] 


[2] 


o!o 

! 


' (Nomial VGA-compatible operation.) 


Disabled | No Overlay- 


0 1 1 


Enabled 


Overlay controlled with FCEVIDEO#. 


j 1 I 0 


Enabled 


Overlay controlled with color key and OVRW#. 


1 1 M Enabled 


Overlay controlled with color key only 



Continued on next page 
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6.7.62 CR1A: Miscellarteoue Control Register (cont) 
Bit Description 



Enable Double Buffered Display Start Address: 

When this btt is 1. the Display Start Address win be updated on the VSYNC 
following a write to Start Address Low. This update provides control of display 
frame switching without the need to explicitly monitor VSYNC. 

Eruible Interlaced Timing: 

When this bit is 1, it enat>ies interlaced timing. 

« In text mode, intehaced sync is enabled. 

• In graphics mode: 

— Both interlaced sync and video data are enabled. 

— For both interlaced sync and video data, the CRTC Scanline Double bit 
(CR9[7]) must be 0. 

— Graphics modes 4 and 6 must always be nonnntertaced. 

• When this bit is 1 . IRQ requests are generated only at the end of odd fields, 
that is, at the end of a frame. 



m 
m 

i 
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6.7.63 CRIB: Extended Display Controls Register 

I/O Port Address: 3?S 
Index: 1B 



Bit Description Reset State 

7 Enable Blanking End Extension o 

6 Enable Text Mode Fast«Page o 

5 Blanldng Control 0 

4 Offset Register Extension [8] o 

3 Screen A Start Address Bit [1 8] 0 

2 Screen A Start Address Bit [1 7] o 

1 Enable Extended Address Wrap o 

0 Screen A Start Address Bit [16] o 



NOTE: The T in the above register addrass is 3' in Monochrome Mode and V in Color Mode. 
This register contains miscellaneous bits that control extended display functions. 
Brt Description 

7 Enable Blanking End Extension: 

• When this bit is 1, the Vertical and Horizontal Blanking End Extension bits 
of CR1Ar7:6I and CRI A[5:4) are enabled, regardless of the CR1B[5) level. 

• When this bit is 0 and CRIBtS] = 0, the Vertical and Horizontal Blanking 
End Extenston bits of CR1A[7:6] and CR 1A[S:4] are disabled. 

6 Enable Text Mode Fast-Page: 

• When this bit is 0, all font fetch cydes take place as random-read cycles. 
This bit must be 0 for standard VGA dual-font operatton. 

• When this bit is 1» fast-page-mode cycies will be used to fetch font data 
This setting allows for text modes with a VCLK greater than 30 MHz, as is 

^ required for 132-col umn modes. 

5 Blanking Control: 

• When this bit is 0 (the standard VGA mode): 

— The blanking signal generated by the CRTC controls the DAC blanking. 

— The border can be used. (For more lnfomiatk)n, refer to AR1 1 .) 

• When this bit is 1 : 

— The display enable controls the DAC blanking. 

— The border cannot be used, as the blanking registers will no longer be 
available to control the border. Instead, the blanking registers are used 
lu yenerate the OVRW# signal. 

— The DAC is blanked dunng the time the bonier is nonmally displayed. 

— The OVRW# prn is an output and follows the blanking signal generated 
by the CRTC. 

— The Vertical and Honzontal Blanking End Extension Bits in CR1 A[7:4] 
are enabled and used to specify the active portion of the video overlay. 

For more inform ation, refer to Appendix A8. 
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6.7.63 CRIB: Extended Display Controls Register (cont) 

Bit Description 

4 Offset Register Extension [8]: 

This bit is the most-significant ninth bit of the CRT Controiler Offset field. For 
more information, refer to CRT Controller Offset Register CR13. 

Screen A Start Address Bits [18:17]: 

These are the most-significant two bits of the CTR Controller Screen A Start 
Address Registers CRC and CRD. Bit 16 is in CRIBfO]. 

1 Enable Extended Address Wrap: " 

• When this bit is 0. VGA compatibility is offered as follows: 

— the CRTC Character Address Counter is 16 bits wide. 

— the display menDory address wraps at 64Knr«ips (for 256K total 
memory). 

• When this bit is 1: 

— and Chain-4 addressing is selected (Sequencer Register SR4[3] = i ), 
:0 then DRAM addresses MA(0] and MA[1] are supplied from 

=fl addresses XMA[16] and XMA(17]. 

k^i • The other DRAM addresses are supplied ftom the XMA(18:12] 

^ addresses^whtch are the sum of bus addresses XA[1 6: 1 2} and either 

J Graphics Controller Offset Register 0 (GR9) or Offset Register 1 (GRA). 

^ — and CRTC Double WonJ addressing is selected (CR14[6] = 1 ). 

^ then DRAM addresses MA[0) and MA[1] are supplied from 

M. the CL-GD7542 internal CRT address counter addresses CR[14) and 

CR(15]. This action provides four dispiayable pages in video mode 13h. 

— the CL-GD7542 internal CRT character counter addresses CA[16] and 
CA(18J provide up to 256K bytes in each bit plane, or one Mbyte of 
packed-pixel memory. 

— the CL-GD7542 CRT controller address counter is 1 9 bits wide. 

p — ^ display memory address wraps at the total available menriory size . 

0 Screen A Start Address Bit [16]: 

This is bit 16 of the Screen A Start Address. Bits 17 and 18 are in CR1B[3:2]. 
For more infomiation, refer to CRT Controller Screen A Start Address Regis- 
ters CRC and CRD. 
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6.7.S4 CR1D: Overlay Mode Register 

I/O Port Address: 3?5 
Index: 10 





Description 


Reset State 


7 


Reserved 




6 


Overlay Timing Signal Source 


0 


5 


Reserved 




4 


Reserved 




3 


Reserved 




2 


DAG Mode Switching Control [1] 


0 


1 


DAG Mode Switching Control [0] 


0 


0 


Reserved 





NOTE: The 7 in the above register address is 'B' in Monochrome Mode and *D' in Color Mode. 
This register contains controls for the extended overlay modes. 

Bit Description 

7 Reserved 

6 Overtay Timing Signal Source: 

• When this bit is 0» and Extension Register GR1 AI3:2) = 01 , the FGEVID- 
EOt input is used as the timing signal for the overlay modes. 

• When this bit is 1, and Extension Register CR1A[3:2) « 10. the internally 
generated OVRW# output is used as the timing signal for the overtay 
modes. This bit setting eliminates the need to connect the OVRWi output 
to the FGEVIDEO* input 



5:3 



Reserved 



DAC Mode Switching Control [1:0]: 

This field contn>ls DAC mode switching. CR1 A(3:2] selects the overtay mode. 



OR 


tID 


DAC Mode Switch State and Results 


[2] 


[1] 


DAC Mode 
Switch State 


Result for 


Background 


Overlay Window Mode 


0 


0 


True. 

Selected Extended 
DAC mode s enabled 


VGA data from 
display memory 
(typealty mode 5F) 


Live video 
(typtcally taie color) 


0 


1 


Fatse. 

Selected Extended 
DAC mode a enabied6 


Uve vHJeo 
(typtcaJly true color) 


VGA data from 
display memory 
(typtcaJiy mode 5F) 


1 


X 


Don't Care. Extended 
DAC mode b disabled 







Reserved 
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6.7.65 CR1E: LCD Shading 
I/O Port Address: 3?5 
Index: IE 

BK Dceeriptien Aeeees Reset State 



7(MSB) 


Shade Mapping [1] 


RW 


0 


6 


Shade Mapping [oj 


R/W 


0 


5 


Reverse Video for Text Modes 


R/W 


0 


4 


Reverse Video for Graphics Modes 


R/W 


0 


3 - 


Reserved 






2 


Horizontal CRTC Registers Access Control OvenWe 


R/W 


0 


1 


Text-Mode Contrast Enhancement 


R/W 


0 


O(LSB) 


Graphics Mode Ditfiering Enable 


R/W 


0 



NOTE: The r in the above register address is 3' in Monochrome Mode and V* in Cotor Mode. 
BH Description 



7:6 



Shade Mapping [1:0]: 

These two bits are used to program monochrome grayscale mapping (that is, 
shading) according to the following table: 



CR1E 


Shade Map 


m 


16] 


0 


0 


OraphcsMode. 

18-btt M«put o« LookHf) Table converted to 64 thadas. with rn^ 


0 


0 


Reserved 


1 


0 


Text Mode. 

Dved display of up to 16 or 64 shades of pbcel data 
{4-brt ptanar. or tower 6 or 8 bits packed^eO 


1 


1 


Reserved 



Reverse Video for Text Modes: 

When this bit is 1 , ail text modes are displayed in reverse video. 
Reverse Video for Graphics Modes: 

When this bit is 1 , a» graphics modes are displayed in reverse video. 



Reserved 



Continued on next page. 
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6.7.65 CR1E: LCD Shading (cont) 
Bit Description 

2 Horizontal CRTC Registers Access Control Override: 

If this bit is 0: 

• and the following conditions exist: 

— CR20[5] = 1 (tne LCD panel interface is enabled) 

— R9X[3:2] :s01 (the LCD panel interface is set for SOO x 600 panel) 

— CR2E[3:2] - 1 1 (horizontal expansion is on) 

— CR2E[5] = 1 (horizontal centering is on) 

then standard CRT Controller Horizontal Registers CR0^,3,4,5 are auto- 
maticaity used to control the CRT controller. 

• but not all of the above conditions take place as described, then horizontal 
timing shadow registers RiY and RiZ are automatically used to control the 
CRT controller. 

If this bit is 1: 

• then the automatic selection described above is overridden, and horizontal 
timing shadow registers RiY and RiZ are automatically used to control the 
CRT controller. 

1 Text-Mode Contrast Enhancement: 

This bit is used along wth R8X[4j to enable text-mode contrast enhancement. 



CR1E[1] 


R6X[4] 


Text*Mode Contrast-Enhancement Characteristics 


0 


0 


No enhancement of text mode. 


0 


1 


Foreground^onty ertfianoement 

n BG > FG. tf^en BGp « BG and FGC * 0. 

tf BG < FG. then BGC « 6G end FGC = 1. 


1 


0 


Contrut enhancement 

H BG > FG, then BGC » BG and FGC « 0. 

H BG < FG, then BGC « 0 and FGC « FG. 



BG = Background. FG = For eground. xxC = Color 

0 Graphics Mode Dithering Enable: 

This brt: 

• = 1 to enable dithering in graphics mode. 

• = 0 to disable dithenng in non-packed pixel graphics mode. 
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6.7.66 CR1F: LCD Modulation Control 

i/0 Port Address: 3?5 
Index: IF 

Bit Deseription Accoss Reset State 

7(MSB) External / Internal Modulation Control R/W 0 

6 MOD or Retrace LLCLK Control [6] R/W 0 

5 MOD or Retrace LLCLX Control [5] R/W 0 

4 MOD or Retrace LLCLX Control [4] R/W 0 

3 MOD or Retrace LLCLK Control [3] R/W 0 

2 MOD or Retrace LLCLK Control [2] R/W 0 

1 MOD or Retrace LLCLK Control [1] R/W 0 

O(LSB) MOD or Retrace LLCLK Control [0] R/W 0 

NOTE: The T in the at>ove register address is "B* in Monochrome Mode and "D' in Color Mode. 

This register is used for one of two purposes: 
1 . It controls the characteristics of the LCD Modulation (MOO) signal 



UTt tions. 



144 = 



_ ^..P^ •••»W(«*MWtl 9ty«HU. 

2. During vertical blanking, it generates extra line docl<s (LLCLKs). which have two func- 
tions. 

a. They eliminate any "waterfall motion" (rolling lines appearing on the entire panel). 

b. They guarantee the panel receives a specific number of LLCLKS per frame. 



Bit Description 



7 External or Internal Modulation Control: 

This bit controls the source of the modulaton (MOD) signal for the LCD. 
• Clear this bit to 0 when an LCD needs an externally supplied MOD signal. 
, ,w — In this case. CR1 FjeiO] can be used to program from 1 to 1 28 scanlines 

fUJ before MOD changes polanty. 

^ift — Program CR1 FI6:0) to detemiine the half-period of the square-wave 

output on the MOD pin. based on the programmed number of LLCLKs 



Continued on next page. 
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6J.66 CR1F: LCD Modulation Control (cont) 
Bit Description 

7(Cont) External or Internal Modulation Control: 

« When CR1 FfT] s 0, the resutting value of the MOD signal is one more than 
the value that is programmed into CR1FI7:0]. 
— For example, if register bits CR1 FI7:0J are programnDed: 

— to 0, the half-period of the square-wave MOD output is 1 . 

— to 1 , the half-period of the square-wave MOD output is 2. 

— to 2. the half-period of the square-wave MOD output is 3. 



aCLKS I I I I I I I I I I 



MOD(CR1Fr7.0]) = 0 
MOD(CR1FI7:0]) = 1 _J 2" 



MOD{CR1Fr7:0]) = 2 _J ^ 



6:0 



• Set this ton to 1 when the LCD generates its own internal MOD signal and 
does not require an externally supplied MOD signal, (in addition, set 
CR1F[6:0] appropriateiy. as descrit)ed beiow .) 

MOD or Retrace LCD Une Clock (LLCLK) Control [6:01: 

• When OR 1 FIT] is 0: 

— The LCD requires an externally supplied MOD signal. 

— The contents of CRI F[6:01 can select up to 128 scanlines before the 
MOD signal changes polarity. 

• WhenCR1F[7Jis1: 

— The LCD generates its own internal MOD signal and does not require 
an externally supplied MOD signal. 

— For dual-scan LCDs, program CR1 FI6:0] for only the number of 
LLCLKs that appear dunng vertical retrace (seen on every other half- 
frame of the LCD). 

— For singlfr-scan LCDs, program CR1FI6:0] for the total number of 
LLCLKs for the entire frame of the LCD. 

— The contents of CRI F[6:0] are added to 180 hex (384 decimal) to 
determine the total number of LLCLKs. (The number 180 hex has been 
determined to allow a working range of LLCLKs.) 

Total number of LLCLKs = 180h + [value in (CR1F[6:0])] 
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6.7.67 CR20: Power Management Register 

1/0 Port Address: 3?5 
Index: 20 



Bit Description Access Reset State 

7(MSB) Detwunoe Timer Resolutjon R/w 0 

6 ORT Enable R/W 0 

5 LCD Enable R/W 0 

4 Actrvate StarKjby Mode R/W 0 

3 Activate Suspend Mode R/W 0 

2 DRAM Refresh Select [1] R/W 0 

1 DRAM Refresh Select [0] R/W , 0 

O(LSB) Text Mode Shading Control R/W 0 



NOTE: The 7' In the above register address is 3* in Monochrome Mode and 'D* in Color Mode. 
Bit Description 

7 Debounee Timer Resolution: 

• When this bit IS 0. the debounce-timer resolution s 30 ^sec (32*kHz pehod) . 
* When this bit is 1, the debounce-timer resoJutfo n = 1 .0 sec. 

6 CRT Enable: 

Setting this bet to 1 enables the analo g CRT output from the video DAC. 

i LCD Enable: 

To enable the LCD interface, set this bit to 1. 

• When this bit has a transition that is : 

— low to high, the CL-GD7542 LCD power-up sequence will occur, 
which enables the internal LCD BIAS, baddight logic supply, and drive 
signals. 

— high to low, the CL-GD7542 LCD power-down sequence will occur, 
which disables the internal LCD BIAS, baddight, logic supply, and drive 
signals. 

• When this bit is 1, the Une Frame Signal (LFS) and LCD Une Clock 
(LLCLK) timing signals for monochrome LCDs are generated. These bits 
are generated from the LCD Timing Registers, ROX through RBX. 

— For most TFT-color LCDs, the sync timing programmed by the CRT 
controller is used, in which case, spedaJly compensated VSYNC and 
HSYNC signals are sent to the LFS and LLCLK outputs. 

— in addition, the display enable sigr^l controls the display data. 

• Whc. . this bit IS 1 . some VGA register bits are redefined for LCDs as shown 
in the tollowtng table: 



Continued on next page. 
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6 J.67 CR20: Power Management Register fcont; 
Bit Description 

5 (Com.) 



VGA-Defrned 
Register Brts 


New LCD Definition 
for Register BlU When CR2^s 1 


AR13P:0] 


When Sequencer Regster SRI [0] ■ 0 (OCLX is divided by 8) and when 
puce) pannmg, the shift eftoci of Attrfeute ControUer Register AR13[3:Q] is 
maslced. As a result, a vaiue ol eWter 8h or Oh equals a *no shiT. 


Misq7:6] 


CRT sync poianty bits are redefined for Extemal^Qeneral Register 
MISC{7:6] so that 00 s 800 x 600 LCD and 11 « 840 x 480 LCD. 


SRUOJ 


This tit s lodced to 0 so that it i» « 6 dota/charecter. 


SRipj 


Except tor video mode 13. this bit selects the horizontaty^oeked timinQ 
for 40- or SOcotumn (character) modes. 



NOTE: Clock select bits do not need to be locked. As required by the LCD. 
dock programming registers must be set for the same frequency. 

4 Activate SUndby Mode: 

Setting this bit to 1 overrides the cun^ent intemaJ Star)dby timer setting and 
immediately places the CL-GD7S42 into Stan dby mode. 

3 Activate Suspend Mode: 

Setting this bit to 1 initiates software-controlled Suspend mode. In this mode, 
the power^down sequence is started to blank the LCD. 

2^1 DRAM Refresh Select: 

The programming of these two bits control the type o1 refresh applied to the 
display memory during Suspend mode as follows. 



CR20 


Display Memory Refresh Type 


[2] 


(11 


0 


0 


Refresh cycie 8 ms, CAS'-betore-RAS*. 


0 


1 


Refresh cycie 6A-ms. CAS'-befort-RASV 


1 


0 




1 


1 


No refresh Ail clock inputs are dsabled. 

AJl outputs to display memory sre high-*mpedance. 



Text Mode Shading Control. 

When this bit: 

• IS 0, text shades are aenved directly from foreground/background data. 

* 'Si. text shades are derived the same way as graphics, with CR1EP:6]. 
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6.7*68 CR21: Power^Down Timer Control 

I/O Port Address: 3?5 
Index: 21 



Bit DMCiiption Aeeese Reset State 

7(MSB) Timer for FPBL Control [3] R/W 0 

6 Timer for FPBL Control [2] R/W 0 

5 Timer for FPBL Control [1] R/W 0 

4 Timer for FPBL Control [0] R/W 0 

3 Timer for Standby Mode Control [3] R/W 0 

2 Timer for Standby Mode Control [2] R/W 0 

1 Timer for Standby Mode Control [1] R/W 0 

O(LSB) Timer for Standby Mode Control (oj R/W 0 



NOTE: The in the above register address is in Monochrome Mode and *D* In Color Mode. 

This register has two timers, each of which control the time at which power to the LCD is 
switched off. 

• Programming CR21 [7:4] controls the time it takes for the LCD backlight to switch off. 

• Programming CR21 [3:0] controls the time it takes for the Standby mode to be entered and 
power to the LCD to be switched off. 

The bmers operate as follows. 

• Both timers may be set for times from 1 to 1 5 minutes. 

• A programmed value of zero disables the timer. 

• Instead of 60 seconds, the timers use 64 seconds for each "minute" programmed, 

• The timers subtract a correcting factor of 32 seconds from the timed subtotal. 
^ • Por example, a setting of 15 minutes (Fh) will result in:. 

H ((15 counts X 64 seconds) - 32 seconds] = 

[(960 seconds) - 32 seconds) = 

928 seconds, or an actual time of (928 60) s 15.5 minutes. 
For typical power-down timer settings, refer to the table shown. 

Bit Description 

7 4 Timer for FPBL [3:0]: 

These bits program die value for the internal flat panel backlight timer. 

3 0 Timer for Standby Mode Control [3:0]: 

These bits program the value for the intemaf Standby mode timer. 

Continued on next page. 
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6.7.68 CR21: Power«Down Timer Control (cont) 



Table 6^6. Typical Po¥wr-Down Timer Settings 



CR21 Baeldight Timer 
Control Bits 




Actual Seeonda 
Programmed 
for Delay Time 
(Seeonda) 


Approximate 
Correapondtng 
Delay Time 
(Minutes) 


m 


[6] 




w 


Hex 
Code 


CR21 SUndby Mode Timer 
Control Bits 


13] 


[2] 


[1] 


m 




0 


0 


0 


0 


Oh 


dtsabted 


disabled 


0 


0 


0 


1 


1h 


32 


0.5 


0 


1 


0 


1 


5h 


288 


4.8 


0 


1 


1 


1 


7h 


416 


6.9 


1 


0 


1 


0 


Ah 


608 


iai 


1 


1 


1 


1 


Fh 


928 


15,5 
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6.7.69 CR23: SUSP! Dftbounee Timer 

I/O Port Address: 3?5 
Index: 23 



BK 


Description 


Aeeess 


Reset 


7(MSB) 


SUSPI Debounoe Timer [3] 


fVW 


0 


6 


SUSPI Oebounce Timer [2] 


RAV 


0 


5 


SUSPI Debounoe Timer [1] 


R/W 


0 


4 


SUSPI Debounoe Timer [0] 


fWV 


0 


3 


FPBL Control Override 


R/W 


0 


2 


FPBL Output State 


R/W 


0 


1 


FPVCC Control Override 


R/W 


0 


O(LSB) 


FPVCC Output State 


R/W 


0 



NOTE: The T in the above register address is "B* in Monochrome Mode and *D* in Color Mode. 
Brt Desciiption 



7:4 



SUSPI Debounoe Timer [3:0]: 

These bits define the number of seconds the input to the SUSPI pin must 
remain high and stable before the CL-GD7542 enters Suspend mode. 

• The SUSPI debounoe timer may be set for 1 to 15 seconds. 

• A setting of 0000 disables the SUSPI debounoe timer. 



CR23 


Setting for SUSPI 
Debounoe Timer 
(seconds) 


[3] 


[2] 


fl] 


[0] 


0 


0 


0 


0 


0 


0 


0 


0 


1 


1 


0 


0 


1 


0 


2 


0 


0 


1 


1 


3 


0 


1 


0 


0 


4 


0 


1 


0 


1 


5 


0 


1 


1 


0 


6 


0 


1 


1 


1 


7 




0 


0 1 0 ( 8 




0 


0)1} 9 



1 I 0 I 



10 



11 



12 



1 I 



13 



I 0 I 



14 



' 1 i 



16 



s'is'es.lnfonn.oon 
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6.7.69 CR23: SUSP! Debounce Timer (com) 



Bit Desciiption 



3 


FPBL Control Override: 




Setting this bit to 1: 




• overrides the flat panel backlight (FPBL) Standby mode 




• enables CR23(2] to control the output state of the flat panel backlight 


2 


FPBL Output State: 




When CR23[3] = 1 , this bit defines the flat panel backlight output state (1 or 0). 


1 


FPVCC Control Override: 




Setting this bit to 1: 




• overrides the flat panel VCC (FPVCC) Standby mode 




• enables CR23[0] to control the output state of the flat panel VCC 


0 


FPVCC Output State: 




When CR23[1] = 1. this bit defines the flat panel VCC output state (1 or 0). 



Cirru.s Confidtntiiil 
BuMncu Information 



CL 28721 



Aupist 26. 1994 



PrebrrunaA Data Book 



297 



EXTENSION REGISTERS 



CL-GD7542 (Nordic) Technical Reference Manual 



6.7.70 CR25: Manufacturing Revision ID Register 

I/O Port Address: 3?5 
Index: 25 



m 



Bit 

7(MSB) 

6 

5 

4 

3 

2 

1 

O(LSB) 



Description 

Manufacturing 
Manufacturing 
Manufacturing 
Manufacturing 
Manufacturing 
Manufacturing 
Manufacturing 
Manufacturing 



Revision ID [7] 
Revision ID [6] 
Revision ID [5] 
Revision ID (4] 
Revision ID [3] 
Revision ID [2] 
Revision ID [1] 
Revision ID [oj 



Reset State 

•MFG revision' 
*MFG revision' 
'MFG revision' 
*MFG revision* 
•MFG revision' 
*MFG revision* 
•MFG revision' 
"MFG revision' 



NOTE: The •?' in the above register address is '8' in Monochrome Mode and V in Color Mode. 

This readonly register is used for factory testing and internal traddng only. Application pro- 
grams should not use this register. 



Bit 



Description 



7:0 Manufacturing Revision ID [7:0]: 

• These bits are the least-significant eight bits of a ten-bit field that uniquely 
identifres the CL-GD7542 manufacturing revision level 

• The most-significant two bits are in CR27[1:0]. 



m 

Mi 
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6.7.71 CR27: Device ID and Manufacturing Revision ID Register 

1/0 Port Address: 3?5 
Index: 27 



Bit Description Reset State 

7(MS6) Device ID [5] 0 

6 Device ID [4] 0 

5 Device ID [3] 1 

4 Device ID [2] 0 

3 Device ID II] 1 

2 Device ID (0] 1 

1 MFG Revision ID (9) 1 

O(LSB) MFG Revision ID [8] 1 



NOTE: The T in the above register address is *B* in Monochrome Mode and *D' in Color Mode. 

This read-only register will return in bits [7:2] a value that uniquely identifies the CL-QD7542. 

Bit Description 

7:2 Device ID [5:0]: 

This frve-brt field contains a unique value that identifies the CL-GD7542 as a 
Cirrus Logic product, according to the code below. The product code ID is 
given in both hex and binary values. 



Product 


Corresponding Product Code ID, in CR27[7:2] 


CL-G07542 


28h (001011b) 



1 :0 Manufacturing Revision ID [9:8]: 

• These bits are the two most-significant bits of a ten-bit field that uniquely 
identifies the CL-GD7542 manufacturing revision level 
* The least-signrftcant eight bits are in CR25[7:0], 
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6.7.72 CR29: CL-G07542 Configuration Status Register 

I/O Port Address: 3?5 
Index: 29 

Bit Description Reset State 

7(MSB) Suspend Mode Status 0 
6 32kHz Input Status 0 

5 Power-Up/Power-Down Cycling Activity 0 

4 Standby Mode Status 0 

3 Reserved 
2 Reserved 
1 Reserved 
O(LSB) Reserved 



This read-only register identifies the configuration of the memory and bus interface selected 
for the chip. 



NOTE: The Tin the above register address is in Monochrome Mode and '0' in Color Mode. 

'his read-only register idem 
jr the chip. 

Bit Description 

7 Suspend Mode Status: 

• This b(t is 1 when the CL-GD7542 is in Suspend mode. This bit remains 1 
from the time the clocks are stopped until 32 mseconds after the docks are 
restarted, that is, until power-up sequencing is started. 

^ * While this bit is 1 , the SUS PSTf pin output remains low. 

6 32kH2 Input Status: 

This bit reflects the status of the 32-kHz input dock. 

• This bit is 1 when the 32-kHz input dock signal is high. 

• This bit is 0 wfien the 32-KHz input dock signal is low. 
* This bit can be used to create a software timer. 

5 Power-Up/Power-Down Cycling Activity: 

• This bit is 1 while the CL-GD7542 is going through a power-up or power- 
down sequence. 

• This bit can be read in all modes except hardware-controlled Suspend 
mode, which k >cks out access to all registers. 

^ Standby Mode Status: 

• This bit IS 1 when the CL-GD7542 is in Standby mode. This bit remains 1 
from the tine the clocks are stopped until 32 mseconds after the docks are 
rest4*.itfd. that is. until power*up sequencing Is started. 

* While this bit ts 1 . the SB YST# pm remains low. 

3 0 Reserved 
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6.7.73 CR2C: LCD Interface 

I/O Port Address: 3?5 
Index: 2C 



Bit Description Reset State 

7(MSB) LCD Class Select [1] 0 

6 LCD Class Select [0] 0 

5 Write Protect Horizontal-Ttming Shadow Registers 0 

4 Select Set of Horizontal-Timing Shadow Registers 0 

3 Write Protect CRT Controller Registers for LCD Timing 0 

2 Reserved 

1 Invert LLCLK 0 

O(LSB) Invert LPS 0 



NOTE: The 7' in the above register address is *6* in Monochrome Mode artd V* in Color Mode. 

Bit Description 

Ts LCD Class Select [1:0]: 

These two bits select the class of LCD to be connected. The following table 
lists available choices: 



CR2C 


LCD Class Selected 


[7] 


[6] 


0 


0 


Ouaf-scan monochrome LCD seieded fl CR2q7:6) « 00 and R6X[5] » 0. 
Single-scan monodirome LCD selected if CR2C77:6] « 00 and RdX[5] « 1 . 


0 


1 


Reserved 


, 1 


0 


Dual-scan color STN LCD setected if CR2Cr7;6] « 10 and SR21 [6] » 1 . 
Stfigle-scan color STN LCD selected if CR2C[7:6] « 10 and SR21(6] > 0. 


1 


1 


TFT-color LCDs selected 



S Wrrte Protect Horizontal-Timing Shadow Registers: 

• When this bit is 0: 

— The shadow honzontal timing registers RiY and Ri2 (i = 0.2,3.4,5) are 
wnte-protected and cannot be accessed. 

— Writing and reading applies only to standard VGA horizontal timing 
rc^.oters. 

— Wnting to standard VGA registers alone has no affect on CRTC timing. 

• When this bit is 1 . 

— Wntrng is done to both the standard VGA horizontal timing registers and 
the shadow horizontal Uming registers RiY and RiZ (i = 0.2.3.4,5). 

— Reading ts done only from the shadow registers. 

• To access the standard VGA honzontal timing registers, this bit is a don't 
care 

Contmuea on next page Qxrw ConfiJcnnjl 
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67.73 CR2C: LCD Interface (cont) 



Bit 



Deseription 



Select Set of Horizontal-Timing Shadow Registers: 

This bit selects which set of horizontaJ-ttming shadow registers the CL* 
GD7542 uses. When CR2C[5] = 1 and this bit 

• is 0, it selects registers ROY to R5Y, used with the normal DCLK. 

• is 1 , it selects registers ROZ to R5Z, used with DCLX * 2. 

(For information on DCLK + 2. refer to Sequencer Register SRI [3].) 

Write Protect CRT Controller Registers for LCD Timing: 

For LCD operation, some CRT controller registers must be write protected, 
ttiat is. the last data bits written are used for CRT controller timing control, and 
a read/write shadow register is enabled for any subsequent 1/0. 

• When this bit is 1 , the CRT Controller registers in the table below are write 
protected for LCD timing. 



0v 



CRT Controller 
Register /Bfts 


Description of CRT Controller Registers 
That Are Writs Protected tor LCD Timing 


CR6 [7:0] 


Vertcal Total (Protected value is ueed.) 




Vertnat Overflow btti for total and tync ttit 


CR10[7:0] 


Verteal Retrace Start (Protected value it uMd for CRT VSYNC.) 


CR11 [7:0] 


Verteal Retmoe End (Protected value is ueed for CRT VSYNC.) 


CR15 [7:0] 


Vtrteal Btanlong Stan 


CR16 [7:0] 


V^rtcaJ Bienking End 



Reserved 



Invert LLCLK: 

When this bit is 1 . tt>e LLCLK output is inverted. 



Invert LFS: 

When ttiis bit is 1 . the LFS output is inverted. 
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I/O Bus 



Honzontal 
Timing 
Registers 
are accessed: 



When registers 
take effect 



Either standard 
VGA Honzontal 
Timing Registers 
or Shadow 
Honzontal 
Timing Registers 
are selected: 



Access when: 
CR2C(5] = 1 
CR2C[4j = 0 



Access when: 
CR2C[5] = 1 
CR2C[4] = 1 



RiY(i = 0^,3.4,5) 
Shadow Register 



Access when: 
CR2C[5] s 0 



RiZ(i = 0Z3A5) 
Shadow Register 



CRi (i = 0^,3,4.5) 
Standard VGA 



SR1[3] 



(CR1EI2]ssO)& 
LCD enabled & 
800 X 600 panel & 
auto^centering on. 



Horizontal timing register values selected 
Figure 6-3 Horizontal Timing Register Values Selection 



Table 6-7. Horizontal Timing Register References 



Au^st 2d, 1994 



1 CRi (Standard VGA) 
1 Horizontal (H) 
Timing Registers 


Horizontal (H) Timing Shadow Registers 


RiY Registers 


RiZ Registers 


j CRO 1 M Total 


ROY 


H Total 


ROZ 


H Total 


i CR2 1 H Biankjng Stan 


R2Y 1 H Blantang Stan 


R2Z 


H Blanking Stan 


CR3 1 H Blanking End 


R3Y 


M Bianking End 


R32 


H Blanking End 


: CR4 j H Sync Stan 


R4Y 


H Sync Stan 


R4Z 


H Sync Start 


CflS 1 H Sync End 


j H Sync End 


R52 


H Sync End 
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6.7.74 CR2D: LCD Display Controls 

I/O Port Address: 3?5 
Index: 2D 



Bit DMCriptlon Reset State 

7(MSB) EnaWe LCD Timing Registers o 

6 Enable ACT! to Reset Standby Timer o 

5 Enable VGA Access to Reset Standby Timer 0 

4 Suspend Mode Clock Source o 

3 Enable ACTl to Reset Backlight Timer o 

2 Enable VGA Access to Reset Backlight Timer 0 

1 Enable Vertical Auto-Expand for 640 x 430 LCDs 0 

O(LSB) Enable Aut>Center o 



NOTE: The 7' in the above register address is 3' in Monochrome Mode and 'D' in Color Mode, 
Brt Description 

7 Enable LCD Timing Registers: 

• The CRT Controlter Index register (CRX) does not have bits to index the 
LCD timing registers (R2X to REX). Instead. CRi2D[71 acts as an extra CRT 
Controller Index register bit to enable registers R2X to REX. 

• When this brt is Mt enables readAvrite of the hidden LCD Timing Registers, 
R2X through REX, which are mapped at the standard CRTC locations. 
These spectai registers are used to control LLCLK, LPS. and other LCD 

control signals. 

6 Enable ACTl to Reset Standby Timer: 

When this bit is set to 1. activity on the ACT) input pin will reset the intemaJ 
Standby Time r. 

5 Enable VGA Access to Reset Standby Timer: 

When this bit is set to 1 » any valid VGA memory access will reset the intemai 
Standby Timer. 

4 Suspend Mode Clock Source: 

This brt selects the source tor the clock used during Suspend mode. 

• When this brt is 0. a 32k-H2 dock must be connected to ti^ 32-kH2 pin. 

• When ms brt is 0. and when the CL-GD7542 is in Suspend mode, the OSC 
input pin is disabled. 

• When this bit is set to 1 , the UM-Hz dock, required on the OSC input pin 
will be divided by 432 to denve th e 32k.H2 dock. 

3 Enable ACTl to Reset Backlight Timer: 

When this bit ts set to 1, activity on the ACTl input will reset the Backlight con- 
trol timer tor the LCD. 

2 Enable VGA Access to Reset Backlight Timer: 

When this bit is set to 1 , any valid VGA memory access will reset the Backlight 
control timer for the LCD. 

Continued on next page. ' — — 
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6.7.74 CR2D: LCD Display Controls (cont) 
Bit Description 



Enable Vertical Auto-Expand for 640 x 480 LCDs: 

When this bit is 1 . rt enables automatic vertical expansion tor 640 x 480 LCDs, 
as controlled by the sync polarity bits in External/General Register MISCr7:6]. 



Aup^st 26, 1994 



MISC 


Automatic Vertical Expansion 


m 


[6] 


0 


0 


m CL^7542.tMd for 800 X 600 LCDs wtm more than 460 lines. 
Reserved in standard VQA. 


0 


1 


400-«na/200-ins modes. 

400-fins mode is for text only. 

200-&ne mode is for doutits scanned graphics only. 


1 


0 


350-fine modes (tstf or graphcs) 


1 


1 


480-ane mods (graphics on^, no verticai ea^anaion) 


Expansion Method For Graphics Modes: 


Original 
Number 
of Unas 


Expansion Method for Graphics Modes 


200 


Pattern used m doub4e-ecan and tripie-scan: 2,?,3.?.2,3^3 

This pattern expands 200 lines to 475 ines by es^an^ every 8 lines to 19. 


350 


Pattsm used is wngle-scan and dOi^lB scan: 1,1^1,1 AI^MZMZ 
Thtt paosm s]q)ands 350 ines to 475 lines by siqpanding every 14 tines to 19. 


Expansion Method For Text Modes: 


Original 
Lines/ 
Font 


Expansion Method for Text Modes 


200 Iras. 
8 X 6 font 


Normal doubie-scan b sppbed. 

An extra top fans and 2 sxtra bottom lines art added to each character row 
(only when maximum idw scan is set for 7 lines). 


350hr>6S, 
8 X U font 


An extra 2 top lines aryj 3 extra bottom lines are added to each charaasr row 
(only when maximum row scan « set tor 14 lines). 


400 lines, 
ex 16 font 


An extra top line and 2 extra bottom tines are added to each character row 
(only when maximum row scan s set for 16 lines). 



Enable Auto-Centen 

When tfiis brt is 1, and when auto-expand bit CR2D[1] is 0 (based on sync 
poianties). it enables LCD auto-centenng. This action uses alternate LFS 
(UneFrame Start) timing as programmed in LCD Timing registers R2X 
through REX. 
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6.7.75 CR2E: HIgh-Resolution LCD Control Register 

I/O Port Address: 3?5 
Index: 2E 



Bit Description Reset State 

7(MSB) Expar«ion Select Override [1] 0 

6 Expansion Select Override [0] 0 

5 Horizontal Centering tor 800 x 600 LCDs .0 

4 10-DotTme Fonts 0 

3 Horizontal Graphics Expansion for 800 x 600 LCDs 0 

2 Horizontal Font Expansion for 800 x 600 LCDs 0 

1 Vertical Graphics Expansion for 800 x 600 LCDs 0 

O(LSB) Text Expansion for 800 x 600 LCDs 0 



NOTE: The *?* in the above register address is 3' in Monochrome Mode and 'D' in Color Mode. 
Bit Description 

Expansion Select Override [1:0]: 

• When these bits are 00. graphics expansion is controlled by CR2E[3J1. 

• When these bits are 01 . and R9X{3:2] bits are 01 . an 600 x 600 LCD display 
size is selected. However, graphics expansion is disabled, even when bits 
CR2E[3.1] are set to 1. 

• Bit values 10 and 1 1 are reserved for future use. 

5 Horizontal Centering for 600 x 600 LCDs: 

When this bit is 1 . horizontal centering is enabled on 800 x 600 LCDs. 

4 10-Dot True Fonts: 

When this bit is 1 . and a text mode is selected. 10-dot true fonts are selected. 

Horizontal Graphics Expansion for 800 x 600 LCDs: 

When this bit is 1, and a graphics mode is selected, horizontal graphics 
expansion is enabled, which replicates every fourth pixel. 

• For an 800 x 600 LCD. this bit is used to es^nd 640-pixel data of each 
scanline to 600-pixei data. 

• This bit does not wortc in l6-bit/pixel and 24-brt/pixel modes. 

2 Horizontal Font Expansion for 800 x 600 LCDs: 

When this bit is 1. and a text mode is selected. 8-dot-wide tme fonts are 
expanded to 10 dots wide finstea d of the normal 9-dot-wide VGA expansion). 

^ Vertical Graphics Expansion for 800 x 600 LCDs: 

When this brt is 1, and a graphics mode is selected, vertical graphics on 800 x 
600 LCDs are expanded by: 

• doubling every odd scanhne in 350-line and 400-line modes 

• replicating every fourth scanline in 480-line mode 

0 Text Expansion for 800 x 600 LCDs: 

When this brt is 1 . and a text mooe is selected, the text font is expanded by: 

• doubling every odd scanline for 9 x 14 fonts or 8 x 16 fonts 

• tnpling every scanline for 8 x 8 fonts 
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CR2F: Driver and BIOS Revision Register 




I/O Port Address: 3?5 




Index: 2F 






Bit 


Description 


Reset State 


7(MSB) 


Driver Revision [3] 


'Driver Revision' 


6 


Driver Revision [2] 


'Driver Revision' 


5 


Driver Revision [1] 


'Driver Revision' 


4 


Driver Revision (0) 


•Driver Revision' 


3 


BIOS Revision [3] 


'BIOS Revision' 


2 


BIOS Revision [2] 


'BIOS Revision' 


1 


BIOS Revision [1] 


'BIOS Revision' 


0{LSB) 


BIOS Revision [o] 


'BIOS Revision' 


NOTE: The 7' in the above register address is "B* in Monochrome Mode and V in Color Mode. 


This read-only register will return two 4-bit codes that uniquely identifies the CL-G07542 to 


dnvers and to the BIOS. 




Bit 


Deeeription 




7:4 


Drivers Revision [3:0]: 






This 4-bit f)eld contains a 4-b(t value that identifies the CL-GD7542 to various 




software drivers. 




3:0 


BIOS Revision [3:01: 






This 4.bit field contains a 4-bit value that identifies the CL-GD7542 to the 




video BIOS. 
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6.7.77 CR30: TV-OUT Control Register 

I/O Port Address: 3?5 
Index: 30 



Bit DftscriptJon Reset State 

7(MSB) PROG Pin-Level Control 0 

6 Reserved 

5 Horizontal Total Dot-Clock Delay Control [1 ] 0 

4 Horizontal Total Dot-Ciock Detay Control [0] 0 

3 TV-OLTT Mode Enable 0 

2 NTSC / PAL Output Control 0 

1 CS YNC Dot-Qock Delay Control [1 ] 0 

O(LSB) CSYNC Dot-Clock Delay Control [Oj 0 



Ifll 



Iks! 



NOTE: The T in the above register address is 3* in MofKXhrome Mode and 'D* in Color Mode. 

Bit Description 

7 PROG Pin-Level Control: 

This bit controls the logic level on the CL-GD7542 PROG output pin. When 
this bit is: 

• a 1 , the PROG ptn level is high. 

* a 0, the PROG ptn level is low. 



6 



Reserved 



Horizontal Tout Dot*C]ock Delay Control [1:0]: 

The value in these bits control the dot-dock delay for the horizontal total signal 
according to the following table: 



CR30 


Dot-Clock Delay 


[5] 


W 


0 1 0 


No Delay 


0 1 1 


Detay « 2 Dot CiocKs 


1 


0 


Deiay * 4 Dot Clocis 


1 


V 


Detay s 6 Dot Clocks 



TV-OUT Mode Enable: 

• When thts bit IS 1, the TV-OUT mode is enabled, and TVON output is high. 

• When thrs bit is 0. the NTSC/PAL. CSYNC, and TVON outputs are all 
torced low. and CR30[2I »s disabled. 

• When Extension Register Extendi RAMDAC Address / Chip Select Enable 
SR25(6] = 1 . the TVON pin is not controlled by CR30[3]. However, the TV- 
Oirr feature can still be used without a power-down feature on CR30[3]. 
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6.7.77 CR30: TV-OUT Control Register (Cont) 



Bit 
2~ 



1:0 



Description 



NTSC / PAL Output Control: 

This bit IS programmed to refiect the required Input levels to the NTSC/PAL 
encoder. When CR30(3): 

• is 0, this bit is disabled. 

• is 1. and this bit: 

— is 0, this bit creates a low on the NTSC/PAL output pin. 

— is 1 . this bit creates a high on the NTSC/PAL output pin 



CSYNC Dot-Clock Delay Control [1:0]: 

The value in these bits control the dot-clock delay for the ger>eration of a com- 
posite synchronization signal (CSYNC) according to the following table. 



CR30 


Horizontal CSYNC SUrt 


(11 


to] 


0 


0 


No Delay 


0 


1 


Detay « 2 Dot Clocks 


1 


0 


Delay > 4 Dot QooKs 


1 


1 


Delay » 6 Dot Okxks 
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6.7.78 CR33: MotionVldeo~ Window Horizontal Stirt (XS) / Width (XW) Overflow 

I/O Port Address: 3?5 
Index: 33 



Btt Description ReMt State 

7(MSB) Reserved 0 

6 MVW Horizontal Start (XS) [9] 0 

5 MVW Honzontal Start (XS) [8] 0 

4 Reserved 

• 3 MVW Honzontal Start (XW) (9) 0 

2 MVW Honzonul Start (XW) [8] 0 

1 Reserved 

O(LSB) Enable Past MVA RPO Request 0 



NOTE: The ">* in the above register address is 3* in Monochrorne Mode and 'D' in Color Mode. 

^ In me MVW (MotionVideo^ Window) architecture, the horizontal position is programmed 

using the number of memory cycles used by the sun^ounding pixel depth number environ- 

T?! ment. 



1^1 Bit Description 



Reserved 



4§ 6:5 MVW Horizontal Start (XS) [9:8]: 

idr These are the most-stgnrficant two bits of a ten-bit field that defines the horr- 

zontal starting position of the MotonVideo™ Window. Por details, refer to 
J^j Extension Register CR34. 

fg^^ 4 Reserved 

l+il 32 MVW Horizontal Start (XW) [9:8]: 

These are the mosl-significant two bits of a ten-bit field that defines the hon- 
^ zontal width of the MotionVideo''^ Window. For details, refer to Extension Reg- 

ister CR35. 

-™ 1 Reserved 

0 Enable Past MVA FlPO Request: 

This bit enables bypassing the synchronizer in the MotionVkJeo*^ Window 
Architecture (MVA) circuitry to fill the FIFO faster. 
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6.7.79 CR34: MotionVidee^ Window Horizontal Start (X8) Register 



I/O Port Address: 3?5 
Index: 34 

Bit Deeeription Reset State 

7(MSB) MVW Horizontal Start (XS) [7] 0 

6 MVW Honzontal Start (XS) [6] 0 

5 MVW Honzontal Start (XS) [5] 0 

4 MVW Honzontal Start (XS) [4] 0 

3 MVW Honzontal Start (XS) [3] 0 

2 MVW Honzontal Start (XS) [2] 0 

1 MVW Honzontal Start (XS) (1] 0 

O(LSB) MVW Honzontal Start (XS) [Oj 0 



NOTE: The in the above regrster address is '8' in Monochrome Mode and V m Color Mode. 

In the MVW (Motion Video"^ Window), the starting horizontal position is programmed by using 
the number of memory fetch cycles rn the sun^ounding ptxel*depth environment 

Brt Description 

~ MVW HortzonUI*Start pCS) [7:0]: 

• These eight bfts are the least*significant bits of a tervM field. 

• CR33(6:5} are the most-signrficant two bits of this field. 

To program XS, the honzontal coordinate to start the MVW on the screen: 

• Determine the number of the pixel at which the MVW will start. 

• Determine the sun-oundmg pixef-depth environment, in bfts per pixel. 

• Determine the size of the memory bus, which determines how nr\any bits 
each memory fetch cycle transfers. 

• Obtain the number of pixels per memory fetch cycle by dividing the size of 
the memory bus t>y the number of bits in the surrounding pixel-depth envi- 
ronment. (If the memory bus is 32 bits wide, and 4 bits per pixel is used for 
the sun'ounding pixei-depth environment then the number of pixels per 
memory fetch cycie is 8.) 

• Divide the number of the pixel at which the MVW will start by the number of 
pixels per memory fetch cycie. 

• Program the resulting value into CR34r7:0). 

For example. 

If A MVW IS to Stan at pixel 16. 

The surrounding pixel-depth environment is 4 bits per pixel. 
The memory bus transfers 32 bits (32-brt memory fetch cycie). 

Then The number of pixels per memory fetch cycle is 32 - 4 = 8 . 

The number of memory fetch cycles needed for a MWV starting 
at pixel 16 will be 2. (Starting MVW value pixel number 16-8 
pixels per memory fetch cycie = 2 memory fetch cycles.) 

Program Into CR34r7:0] the value 2 as the number of memory fetch cycles 
- needed for a MVW starting at pixel 16. 
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0 CR35: MotionVideo^ Window Horizontal Width (XW) Register 
I/O Port Address: 3?5 



Index: 35 

Bit Description Reset State 

7(MSB) MVW Honzontal Width (XW) |7] 0 

6 MVW Honzontal Width (XW) [6] 0 

5 MVW Horizontal Width (XW) [5] 0 

4 MVW Honzontal Width (XW) [4] 0 

3 MVW Honzontal Width (XW) (3] 0 

2 MVW Honzontal Width (XW) [2] 0 

1 MVW Honzontal Width (XW) [1] 0 

O(LSB) MVW Honzontal Width (XW) [Oj 0 



NOTE: The in the above register address is in Monochrome Mode ar>d 'D' in Color Mode. 

In the MVW (MotionVideo^ Window) archftecture, the horizontal width of the MVW is calcu* 
lated in nrtemory fetch cycles, as e^q^lained t>elow. 

Bit Description 



13 7:0 MVW Horizontal Width (XW) [7:0}: 

• These eight t>its are the least-signrficant brts of a tervt)lt field. This field 
# must t>e programmed for the MVW, even when the MVW is displayed on 

the full screen. 



The nx>st*signrficant bits of this field are in CR33[3:2]. 



f ^ To program the number of memory fetch cydes needed for the value of XW. 

^ the honzontal width: 

• Determine the panel's width in ptxets. 

^ • Determine the color depth of the MVW display, in bits per pixel. 

'W • Determine the size of the memory bus, which determines how many bits 
M each memory fetch cyde transfers. 

^1 * Multiply the panel's width in pixels tmes the pixel depth, 

j • Divide the above quantity by the number of bits each memory fetch cyde 
'^'J transfers. 

^ • Program the resulUng value into CR35r7:01. 

Per example. 

It a panel is 320 pixels wide, 

the MVW display has a color depth of 16 bits per pixel, and 
the memory bus transfers 32 bits (32-bit memory fetch cycle) 
in memory fetch cydes. the MVW honzontal width is 1 60. 

[f320 pixels) X (16 bits/pixel)) * [32 bits/memory fetch cycle] = 

160 memory tetch cydes. which is the number to program into CR35[7:0]. 



Cirnis ConfuJeniial -,c-7iA 
Business bifonniioon CL 287^0 



August 26, 1994 

Prebminarv Dau Book j ] 



EX 



6.7 




CL-GD7542 (Nordic) Technical Reference Manual 



EXTENSION REGISTERS 



6.7.81 CR36: YUV-to-RGB Conversion and MVW Vertical-Position High Register 

I/O Port Address: 3?5 
Index: 36 

Bit Description RoMt SUte 

7(MSB) Force Unear Display Memory Map 0 

6 Convert YUV to RGB with Standard Algorithm or Other 0 

5 Convert YUV to RGB with Excess 1 28 or Zs Complement 0 

4 MVW Memory-Address Offset [8] 0 

3 MVW Vertcal End (YE) Position [9] 0 
2 MVW Vertical End (YE) Position [8} 0 
1 MVW Vertical Start (YS) Position [9] 0 
0{LSB) MVW Verticai Start (YS) Position. [8] 0 

NOTE: The '?* in the above register address is 'B* in Monochrome Mode and 'D' in Color Mode. 
Bit Description 

7 Force Linear Display Memory Map: 

This bit IS used to simplify the use of MVA drivers by providing a unique way of 
accessing tr>e memory for MVW, from the CPU side. 

• When this brt IS 1 . the CPU linearty writes data to the display memory, the 
same way as in extended 8-bit-per*pixel packed-pixel nKXjes. 

• Set this Pit to 1 , when writing to MVW memory arxJ running Microsoft* Win- 
dows in 4-bit-per-pixet planar mode, to ensure that writes to MVW memory 
execute independently of sun-ounding graphics. 

• After executing wrrtes to the MVW memory area, the Windows driver must 
set this bit to 0. 

6 Convert YUV to RGB wHh Standard Algorithm or Other 

• When this bit is 1, the YUV-to-RGB conversion uses the algorithm. 
R = Y + V: G = Y - 0.25U - 0.5V; B = Y + U 

• When this bit is 0. the YUV-to-RGB conversion uses the standard algorithm 
R r Y+ 1.375V: G = Y-.375U..75V; B = Y+1.75U 

5 Convert YUV to RGB with Excess 128 or 2*8 Complement: 

These conversions assume that U and V are expressed tn either excess 128 
or 2's complement notation 

• When this bit is 1 . the YUV-to-RGB conversion uses excess 128 notation. 

• When this bit is 0. the YUV-to-RGB conversion uses th.-? 2's complement 
notation (that is. Philips 3AA15B and SAA9051 TV decoders). 

4 MVW Memory-Address Offset [8]: 

This IS the mosi-significant bit of the MVW Memory-Address Offset Register 
CR3B 

32 MVW Vertical End (YE) Position [9:8): 

^ These are the most -significant bits of the MVW Vertical End Register CR38. 

1 0 MVW Vertical Start (YS) Position [9:8]: 

These are the most-significant bits of the MVW Vertical Start Register CR37. 
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6.7.82 CR37: MVW Vertical Start (YS) Position Regiatar 

I/O Port Address: 3?5 
Index: 37 



m 



Bit 


Description 


Reset 


7(MSB) 


MVW Vertical Start (YS) Position [7] 


0 


6 


MVW VerVcal Start (YS) Position [6] 


0 


5 


MVW Vertical Start (YS) Position [5] 


0 


4 


MVW Vertical Start (YS) Position f4] 


0 


3 


MVW Vertical Start (YS) Position [3) 


0 


2 


MVW Vertical Start (YS) Position [2] 


0 


1 


MVW Vertical Start (YS) Position [1] 


0 


O(LSB) 


MVW Vertical Stan (YS) Position [0] 


0 



NOTE: The 'T in the above register address is 3' in Monochrorne Mode and 'D' in Color Mode. 

Bit Description 
j^j 7^0 MVW Vertical Start (YS) Position [7:0]: 



Start (YS) Position. 
e'^^ • The ten bits of this field: 

— define actual scanlines 



These are the 8 least-significant bits of the 10-bit field for the MVW Vertical 



— are not affected by scanline doubling or LCD vertical expansion 
The most-significant two bits are in register CR36(1:0). 
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6 J.83 CR38: MVW Vertical End (YE) Position Register 

I/O Port Address: 3?5 
Index: 38 

Bit Description Reset Stste 

7(MSB) MVW Vertical End (YE) Position [7] o 

6 MVW Vertical End (YE) Position (6) 0 

5 MVW Vertical End (YE) Position f5] 0 

4 MVW Vertical End (YE) Position [4] o 

3 MVW Vertical End (YE) Position [31 0 

2 MVW Vertical End (YE) Position [2] o 

1 MVW Vertical End (YE) Position [t] o 

O(LSB) MVW VertkaJ End (YE) Position [0) 0 

NOTE: The 7' in tt%B above register address is "B' in Monochrome Mode and "D* in Color Mode. 
Bit Oescrlptlon 

7^0 MVW Vertical End (YE) Position [7;0J: 

• These are the 8 least-significant bits of the 1 0-bit field for the MVW Vertical 
End (YE) Positwn. 



4t • The ten bits of this field 



^ — define actual scanline 

— are not affected by scanline doubling or LCD vertical expansion 
The most-significant two bits are in register CR36(3:2]. 
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6.7*84 CR39: MVW Surrounding-Address Offset Register 



I/O Port Address: 3?5 
Index: 39 

Bit Description Reset Stite 

7(MSB) MVW Surrounding-Address Offset [7] 0 

6 MVW Sun-ounding-Address Offset [6] 0 

5 MVW Surrounding-Address Offset [5] 0 

4 MVW Surrounding-Address Offset [4] o 

3 MVW Sun-oundmg-Address Offset [3] 0 

2 MVW Sunoundtng-Address Offset [2] 0 

1 MVW Surrounding-Address Offset [1] 0 

O(LSB) MVW Sun^unding-Address Offset [0] 0 



NOTE: The in the atxyve register address is 'B' in Monochrome Mode and V in Color Mode. 

f% This register defines a value that is added to the CRT address counter of the display, so the 

"5? counter value skips over the MotionVideo™ Window. This action allows the surrounding 

J^; restart address to be defined without having to count through MVW. 

%| Brt Description 

MVW Surrounding-Address Offset [7:0]: 

• The offset value in this register is added to the CRT address counter to al- 
low the counter to skip over the area for the MotionVkleo"'** Window without 
having to count through it. 

• This offset value depends on the resolutton of the surrounding nx>de. 
For example: Assurtie a scanline of 1024 pixels, and 6 t>itst>ixel (4 pixels/ 
address). As a result, the largest offset value is 256 addresses. 

• To obtain a desired address offset, program this register for one-haJf of the 
desired offset. 

Example. Assume a 32C)-pixel-wide window wtth a surrounding resolution 
of 4 bit^ pixel 

— A memory fetch has 8 pixels. 

— 320 pixels ♦ 8 pixels/address = 40-address offset 

— One-half of 40 IS 20 deamal 

— As a result, program I4h for the sun^ounding-address offset. 
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6-7.B5 CR3A; MVW Memory-Addrees Start Register 

I/O Port Address: 3?5 
Index: 3A 

Bit Deecription ^•••t State 

7(MSB) Reserved 

6 MVW Memory-Address Start [6] 0 
5 MVW Memory-Address Start [5J 0 
4 MVW Memory-Address Start [4] 0 
3 MVW Memory-Address Start [3] 0 
2 MVW Memory-Address Start [2] 0 
1 MVW Memory-Address Start [1] 0 
O(LSB) MVW Memory-Address Start [0] 0 

NOTE: The r in the above register address is 'B' in Monochrome Mode and 'D* in Color Mode. 

y Bit Description • ' 

7 Reserved 

£^ 6:0 MVW Memory-Addresa SUrt [6:0]: 

^ This address is programmed in increments of 16 Kbytes (4K words). 

1^ Forexampie: 

3. • For 1 Mbyte, the physical address is C)CX)00:3FFF F from the start of display 

memory. 

1^ • For 2 Mbytes, the physical address ts 00000:7FFF F from the start of dis- 

H play fTwmory. 

M Note: This start address must be aligned at a 16-Kbyte boundary in the CPU 

^ host address space. 
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6.7.86 CR3B: MVW Memory-Address Offset Register 



I/O Port Address: 3?5 
Index: 3B 

Bit Deecription Reset State 

7(MSB) MVW Menrwry-Address Offset [7] 0 

6 MVW Memory-Address Offset [6] 0 

5 MVW Memory-Address Offset [5] 0 

4 MVW Memory-Address Offset [4] 0 

3 MVW MerrKjry-Address Offset [3] 0 

2 MVW Memory-Address Offset [2] 0 

1 MVW Memory-Address Offset [1] 0 

O(LSB) MVW MenDory-Address Offset [0] 0 



NOTE: The '?' in the above register address is in Monochrome Mode and 'D' in Color Mode. 
This register, along vwth the most-signrficant brt in CR36(4]. defir>es an offset value. 



r£ Bit Description 



7:0 MVW Memory-Address Offset [7:0]: 

• These are the 8 least-signrficant bits of the 9-blt MVW memory-address off- 
set value. This offset value is added to the present MVW Memory Start Ad- 
dress to get the next MVW Memory-Start Address. 



ADD: Present MVW Memory-Start Address 

mL ^ MVW Memory-Address Offset r»btt valued 

ij.. TO GET: = Next MVW Memory-Start Address 



• Using the MVW Memory-Address Offset to define the r>ext menwry-start 
address of the MVW allows panning through a large area of the MVW. The 
'^^n actual image stored in memory may be as targe as 2K pixels at 1 6 brts/ptxel. 

'•¥j • The most-sjgnificant bit ts in register CR36(4]. 
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6.7.87 CR3C: MVW Zoom, MVW Enable, and MVW Encoding FoiTnat Register 

I/O Port AddrBSs: 3?5 
Index; 3C 

Bit Description Resot State 

7(MSB) MVW Horizontal Zoom 0 

6 MVW Vertical Zoom 0 

5 Full-Screen Live- Video Enable 0 

4 MotionVideo^ Window Enable 0 

3 Encoding Format for MotionVtdeo^ Window fS] 0 

2 Encoding Format for Mobon Videc*^ Window [2] 0 

1 Encoding Fonnat for MotionVideo™ Window {1] 0 

0{LSB) Encoding Format for MotionVWeo^ Window [0] 0 



NOTE: The 7* in the above register address ts V in Monochrome Mode and '0' in Color Mode. 
Bit Description 

7 MVW Horizontal Zoom: 

When this brt is 1, each pixel is duplicated horizontally. 



6 



3:0 



MVW Vertieal Zoom: 

When this bit is 1 . each puce) is duplicated vertically. 



Full^Screen Live-Video Enable: 

When thts bit ts 1. the entire screen displays live video. 



MotlonVldeo™ Window Enable: 

When this bit is 1, access is enabled to the Motion Video^ Window registers 
CR33 through CR3B. 



Encoding Format for MotionVideo^ Window: 

These bits define in which format the MVW is encoded. 



j CR3C[3:0] 


Encoding Format for MVW 


Oh I 0000 1 8-t>rt RGB 3:3:2 (data go through the palette RAMDAC) 


1h 1 0001 


16Nbrt RGB (5:5:5) 


2h ' 1 0010 


16-t>ri RGB XGA (5:6:5) 


3n 0011 1 4 2.2 YUV YOUVIV 


0100 j 4 1 1 YUV Unear Y0Y1 Y2Y3UV 


5fi j OtOl 


4 1 1 YUV Array YOYT Y2Y3UV. but Y2Y3 are m next scanfme 


8^ j 1000 


24-tKt RGB through MVA*^ 


9f> 10 15n 1 1001 lo 1111 


Reserved tor ttrture formats 
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6.7.88 CR30: MotionVideo^ Window Hortzontal-Pixel-Width Register 

1/0 Port Address: 3?5 



Index: 3D 
BH 

7(MSB) 

6 

5 

4 

3 

2 

1 

0{LSB) 



Description 

Reserved 

MotionVideo™ 

MotionVideo^ 

MotionVideo™ 

MotionVideo™ 

MotionVideo™ 

MotionVideo™ 

MotionVideo^ 



Window 
Window 
Window 
Window 
Window 
Wrndow 
Window 



Honzontal 
Honzontai 
Honzontal 
Honzontal 
Honzontal 
Horizontal 
Horizontal 



Pixel Width [6] 
Pixel Width fS] 
Pixel Width [4] 
Pael Width [3] 
Pixel Width12] 
Pixel Width [1] 
Pixel Width [0] 



Reset State 

0 
0 
0 
0 
0 
0 
0 



i 

m 



NOTE: The in the above register address is 'B' in Monochrome Mode and 'D' in Color Mode. 
Bit Description 
7 Reserved 



6:0 



MotionVideo^ Window Horizontal Pixel Width [6:0]: 

These bits contain a hex value used to define the MotionVideo'^ Window 

width for each scanline the MVW is ena£>ied. To calculate the value: < 

• Determine the MVW's desired width, which must be at least 32 pixels wide. 

• From the desired width, subtract 24 pixels (three sets of eight pixels). 

• Divide the resulting number by 8-pixel increnf>ents. 

• Translate tr>e resutting decimal number into a hex number. 

For example, to calculate the hex value for a 320-pixel wide MVW: 

DIVIDE: The quantity (320 pixels - 24 pixels = 296 pixels) 

BY; B-Dixel increments 

TO GET. = Value for a 320-pixel-wide MVW. which = 37 (decimal) = 25h 

Note For CL-GD7542 version BC or later, the MVW width will be able to be 
expressed in 2-pixet increments. 



MVW Honzontal 
Stan Address 



MVW ends 
here 



-O MVW width 



LCD Display, witn MotionVideo Window 
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6.7.89 CR40: LCD Horlzontal-Dlsplay-Enable Start Regiater - No Cantering 

I/O Port Address: 3?5 



Index: 40 

Bit Deecrlptlon Reset State 

7(MSB) LCD HDE Start [7] 0 

6 LCD HOE Start [6] 0 

5 LCD HDE Start [5] 0 

4 LCD HDE Start [4] 0 

3 LCD HDE Start [3] 0 

2 LCD HDE Start [2] 0 

1 LCD HOE Start (1) 0 

O(LSB) LCD HDE Start [0] 0 



NOTE: The *?' in the above register address is 3* in Monochrome Mode and 'D* in Color Mode. 

This register Is one of four registers - CR40, CR41. CR42, and CR43 - used both to gener- 
ate LCD horizontal timing and to center 640 x 480 and 800 x 600 LCDs. 

Three registers - CR40, CR41, and CR42 - are complementary and mutuafty exclusive. 
They store the same tming-signal parameters, but values for the timing-signal parameters 
are usually different 

• Only one of these three registers is enabled at any time. . 

• The selection of which of these three registers control the LCD is done automatically, 
teased on the conditions exptair^ed for each register. 

• These three registers are generally programmed only once at power-on self-test. 

The CR40 register ts the default LCD HDE start register. The CL-G07542 automatically 
selects rt rf 

• eitr)er CR41 or CR42 are not selected, or 

• honzontal expansion ts seleaed 

In normal 24-bft LCD modes, the CL-GD7542 starts to send data to the LCD immediately 
after HDE start, which may cause problems for sonr^e graphics modes. These three registers 
may be programmed to avoid the problems. 

For typical liming relationships, refer to Figure 6—4. 

Continued on next page . . 
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6.7,B9 CR40: LCD HorizontaKDisplay-Enable Start Register - No Centering (Cont) 
Bit Description 

To LCD HDE Start [7:0]: ^ 

When no horizontal centenng is needed, this register defines: 

• LCD HDE start, the nsing edge of the LCD horizontal display enable signal, 
relative to the previous CRT HDE start 

• LLCLK. the rising edge of the LCD line dock signal, which starts one DCLK 
(dot clock) after the LCD HDE start 

The LCD HDE start ts expressed in 4.DCLK units, w^rtth CR43[1:0] defining a 
fine adjustment in 1-DCLK units. To calculate the LCD HDE start 

DIVIDE: [(Number of CRT Horizontal Total pixels) minus 32 pixels 
BY: * 4 (Number of 4-DCLK units) 

TO GET: = LCD HDE Start 

where Horizontal Total = CRT horizontal total in DCLK units. For example, for 
a 640 X 480 CRT, Honzontal Total a 800. 

LCD Une-Ciock Start and the LCD HDE start signal for both 640 x 480 and 
800 X 600 LCDs. 

A fine (dot-dock) adjustment for this register is in CR43[1 :0). 



m 



CRT-HOE 

I HRRST 

i CL-GD7542'S \ 
1 Internal , <^ 
• Signals 



LCD HDE 



Apoea- 
on LLCLK 
pin 



640 dots 



4 dots 



n 



LCD HDE Start 



LCD Horizontal Width ^ 



24 dots 



LLCLK 1 oot 



4 or 8 dots 



dots ^ 



e dots 



TFT-HSYNC 



TFT-HSYNC Start 



r 



Figure 6-4 Horizontal Timing for 800 x 600 LCD Displaying 640 x 480 Picture 
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6.7.90 CR41: LCD Horizontal-Display-Enable Start to Center 720*0ot Oiaplay 

I/O Port Address: 3?5 
Ir^dex: 41 



Bit OMcription Reset State 

7(MSB) LCD HDE Start to Center 720-Dot Display [7] 0 

6 LCD HDE Start to Center 720-Dot Display [6] 0 

5 LCD HDE Start to Center 720-Dot Display [5] 0 

4 LCD HDE Start to Center 720-Dot Display (4] 0 

3 LCD HDE Start to Center 72C>-Oot Display [3] 0 

2 LCD HDE Start to Center 720-Dot Display [2] 0 

1 LCD HDE Start to Center 720-Dot Display [1] 0 

O(LSB) LCD HDE Start to Center 720-Dot Display [0] 0 



NOTE: The '^^ in the above register address is in Monochrome Mode and 'D' in Color Mode. 

This register is one of four registers - CR40, CR41, CR42, and CR43 - used both to gener- 
ate LCD honzontal timing and to center 640 x 480 and 800 x 600 LCDs. (For a descnption of 
all tour registers and for the formula to caiculate the LCD HDE start refer to CR40.) 

The CL-GD7542 automatically uses this register to provide centering of a 720-dot display 
(text or graphics) when all the following conditions are met 

• The LCD is an 800 x 600. 

• The LCD is not using 800 x 600 graphics modes. 

• The LCD IS using a character clock of 9-DCLK cycles (in text mode), or CRT HDE > 50h 
(m graphics mode). 

• The LCD is not using honzontal expansion. 

Bit Description 

7:0 LCD HOE Start to Center 720-Dot Display [7:0]: 

This register provides oentenng of a 720-dot display (text or RiX graphics 
mode) on a 800 X 600 LCD by defining the present LCD HDE start signal. 

• This register defines the present HDE start signai, relative to the previous 
HDE start signal, in 4.DCLK increments. (The DCLK is never divided by 
two.) 

• The value programmed in this register is in 4-DCLK increments, and this 
value IS one less than the HDE start parameter. 

• On a 80C x 600 LCD. the value in this register defines both the LCD line- 
dock start and the LCD HDE start signals. A fine adjustment for this register 

IS in CR43[3:2]. 

• When horizontal expansion ts enabled, instead of using this register to de- 
fine the LCD HDE start signal, the value in CR40 is used to define the LCD 
HDE start signai 
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6.7.91 CR42: LCD HorizontaJ*Oisplay*Enable Start to Center 640-Oot Diaplay 

I/O Port Address: 3?5 
Index: 42 



Bit Deaeriptlon Reset State 

7(MSB) LCD HDE Start to Center 640-Dot Display [7] 0 

6 LCD HDE Start to Center 640-Dot Display [6} 0 

5 LCD HDE Start to Center 640-Dot Display [5] 0 

4 LCD HDE Start to Center 640-Dot Display [4] 0 

3 LCD HDE Start to Center 640-Dot Display [3] 0 

2 LCD HDE Start to Center 640-Dot Display (2] 0 

1 LCD HDE Start to Center 640-Dot Display [1] 0 

O(LSB) LCD HDE Start to Center 640-Dot Display [0] 0 



NOTE: The *r in the above register address is "B' in Monochrome Mode and 'D* in Color Mode. 

This register is one of four registers - CR40, CR41. CR42, and CR43 - used tx>th to gener- 
ate LCD horizontal tming and to center 640 x 480 and 800 x 600 LCDs. (For a description of 
aJ( four regrsters and for the formula to calculate the LCD HDE start refer to CR40.) 

The CL-GD7542 automatically uses this register to provide centering of a 640-dot display 
(text or graphics) when all the following conditions are met 

• The LCD is an 800 X 600. 

• The LCD is not using 800 x 600 graphics modes. 

• The LCD is using a character dock of 8-DCLK cycles, arxJ CRT HDE 5 50h. 

• The LCD is not using honzontal expansion. 

Brt Description 

7 0 LCD HDE Start to Center 640-Dot Display [7:0]: 

This register provides centenng of a 640-dot display on a 800 x 600 LCD by 
defining the present LCD HDE start signal. 

• This register defines the present HDE start signal, relative to the previous 
HDE start signal in 4-DCLK increments. (The DCLK is never divided by 

two.) 

• The value programmed in this register is in 4-DCLK increments, and this 
value is one less than the HDE start parameter 

• On a 600 x 600 LCD, the value in this register defines t>oth the LCD line- 
clock Stan and the LCD HDE start signals. A fine adjustment for this register 

IS in CR43[5-4]. 

• When rK>rizontal expansion is enabled, instead of using this register to de- 
fine the LCD HDE start signal, the value in CR40 is used to defirie the LCD 
HDE start signal. 
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6.7.92 CR43: LCD Dot*Clock-Delay Control Reglstar 

I/O Port Address: 3?5 
Index: 43 
Bit 

7(MSB) 
6 
5 
4 

3 
2 
1 



m 



Description 

LCD Une-Ctock Widtn [1] 
LCD Une-CIock Width [0] 
CR42 Fine Dot-Clock Delay (1] 
CR42 Fine Dot-Ckx^k Delay [0] 
CR41 Fine Dot-Clock Delay [1] 
CR41 Fine Dot-Clock Delay [0] 
CR40 Fine Dot-Clock Delay [1] 
CR40 Fine Dot-Ckxk Delay [0] 



Reset State 

0 
0 
0 
0 
0 
0 
0 
0 



O(LSB) 

NOTE: The *?* in the above register address is B* in Monochrome Mode and 'D' in Color Mode. 

This register is one of four registers - CR40, CR41, CR42, and CR43 - used both to gener- 
ate LCD honzontal timing and to center 640 x 460 and 800 x 600 LCDs. (For a description of 
ali four registers and for the formula to calculate the LCD HDE start refer to CR40.) 

Bits [7:6] set the LCD line dock width. 

Brts [5:0] make up three fields tfiat when required, compensate for the CL-GD7542's internal 
delays of the LCD horizontaJ display enable (HDE) start signal. 

• For the different types of LCDs, these three fiekjs make ft possible to change the LCD hor- 
izontal display enable (HDE) start by adjusting the fine dot-ctock delay in 1-DCLK units. 

* When ft IS necessary to change the LCD honzontal display enable (HDE) start, automauc 
switching takes place between these three fields. The switching is based on the following: 

— values in the CRT controller registers 

— value in the sequencer registers 

— the type of LCD used (that is, 640 x 460 or 800 x 600) 

Note Because LCD counters are reset 1 dot dock after resetting the CRT HDE Total counter, 
values in LCD registers must be programmed with a delay of one less than the model. 



Bit 



Description 



7 6 



LCD Une-Clock Width [1:0]: 

This two>bit field sets the LCK line-dock width in dot docks, as shown in the 
following table 



i 


LCD Line-Clock WtOth 


f7] 1 [6] 


(in dot clocks) 


i 0 ! 0 


4 dot Clocks 


; 0 , 1 


6 dot ClOCKS 


1 1 1 0 


Reserved 


'I'll Reserved 
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6.7.92 CR43: LCD Oot-Ciock Oelay*Control Register (Cont) 
Bit Description 



5:4 CR42 Hne Dot-Clock Delay [1 :0]: 

To program the LCD HOE start signal for a dot-dock de lay, refer to Table 

32 CR41 Rne Dot*Clock Delay [1:0]: 

To program the LCD HDE start signal for a dot-dock delay, refer to Table 6-e. 



1:0 



CR40 Rne Dot-Clock Delay [1:0]: 
To program the LCD HDE start signal for a dot-dock delay, refer to Table 6-8. 



CR43 


Fine Dot-Cloek Delay for 


[5] 


[4] 


CR42 


[3] 


12] 


CR41 


[1] 


[0] 


CR40 


0 


0 


No Delay 


0 


1 


Oatay LCD HDE Start by one DCIX 


1 


0 


Delay LCD HDE Stan by two DCLXa 


1 


1 


Delay LCD HDE Stan by trtree OCLKt 



iffi 
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6.7.93 CR44: LCD Horizontal Display Width Rogiatar 



I/O Port Address: 3?5 



index: 44 



Bit Daaeription 



Reaat State 



7(MSB) LCD Horizontal Otspiay Width [7] 

6 LCD Horizontal Display Width [6] 

5 LCD Horizontal Display Width [5] 

4 LCD Horizontal Display Width [4] 

3 LCD Horizontal Display Width [3] 

2 LCD Horizontal Display Width [2] 

1 LCD Horizontal Display Width [ij 

O(LSB) LCD Honzontal Display Width [0] 



0 
0 
0 
0 
0 
0 
0 
0 



NOTE: The *r in the above register address is 3' in Monochrome Mode and V in Color Mode. 
This register defines the LCD horizontal width. 



The value progranrvned in this register 

• defines the LCD honzontal display width, which can be different from the 
stored picture width. 

• is used to compensate for IntemaJ delays when displaying a nan^w picture 
on a wide screen. 

• is never e)g)ressed in units of DCLK ^ 2. 

• is the destred width (expressed in 4 DCLK increments), plus four, ail ex- 
pressed tn hex. 

— For example, for a 640 (horizontal) x 480 (verticaJ) LCD. program A4h. 

— When the width of 640 ts expressed in 4 DCLK increments = 
640 4 s 160. the desired width in 4 DCLK irtcrerrtents. 

— Desired width of 160. plus 4 k 164 dectmal. 

— In hex, 164 deomal s A4 hex. 



Bit 



Description 



7:0 



LCD Horizontal Display Width [7:0]: 
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6.7.94 CR47: TFT HSYNC Horizontal Start Position Register 

I/O Port Address: 3?5 
Index: 47 

Bit Description Res«t State 

7(MSB) TFT HSYNC Horizontal Start Position [7] o 

6 TFT HSYNC Horizontal Start Position [6] 0 

5 TFT HSYNC Honzontal Start Position f5J 0 

4 TFT HSYNC Horizontal Start Position [4] o 

3 TFT HSYNC Honzontal Start Position f3] 0 

2 TFT HSYNC Honzontal Start Position [2] 0 

1 TFT HSYNC Honzontal Start Position [1] o 

O(LSB) TFT HSYNC Honzontal Start Position [0] 0 



NOTE: The tn the above regtster address is 3' in Monochrome Mode and 'D* in Color Mode 

This register defines the si 
character-cioclc width or DC 

6ft Description 



This register defines the start of the TFT HSYNC signal. This register is not dependent on 
character-ciock width or DCLK/2 control. 



7:0 TFT HSYNC Horizontal Start Position I7:0J: 

jjJ This register defines the exact starting position of the TFT HSYNC signal. 

The TFT HSYNC Honzontal Start Position: 

• *s relative to the previous LCD CRT horizontal display enable (HDE) start 
'n DCLK/4 increments. 

s ' " • IS at>oat 144 dot docks before the start of the LCD HDE start signal, which 

IS also relative to the CRT HDE start 
gnJ • can be adjusted m 1-DCLK increments with CR48[1:0] 



• WhenR7X[2] = 1, . 

— the TFT HSYNC signal, instead of the LLCLK signal, appears on the 
LLCLK pin. (The LLCLK signal always starts 1 DCLK after the LCD 
HDE start.) 

— This setup IS needed to support TFT LCDs that require 144 dot docks 
between LLCLK and the first shift dock on a scanline. 

Note: Some LCD manufaaurers call the LLCLK signal HSYNC. 

Cirrus Logic calls this signal TFT HSYNC, to differentiate it from the 
CRT HSYNC signal. 
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6.7.95 CR48: TFT HSYNC and LCD-Height Overflow Register 

I/O Port Address: 3?5 
Index: 46 

Bit E>eeeription 

7(MSB) Reserved 

6 Reserved 

5 Vertical Size for LCDs [9] 

4 Vertical Size for LCDs [Sj 

3 Reserved 

2 Vertical Size for Upper Half of Ouai-Scan STN LCDs [8] 

1 TFT HSYNC Dot-Clock Delay (1] 

O(LSB) TFT HSYNC Dot-Clock Delay [0} 



Reset State 



0 
0 



0 
0 
0 



NOTE: The *?* in me above register address is in Monochrome Mode and 'D' in Cok>r Mode. 
Bit Description 



7:6 



1:0 



Reserved 



5:4 Vertical Size for LCDs [9:8]: 

• These bits are the most-significant two bits of a ten-bit field that defines in 
scanltnes the vertical size tor one of the folk)wing: 

— the lower half of a dual-scan STN LCD 

— the total sjze of a single-scan LCD. either STN or TFT 

• The eight least-significant bits are in Extension Register CR4A[7:0]. 



Reserved 



Vertical Size for Upper Half of Dual-Sean STN LCDs [8]: 

• This IS the most-signrf icant bit of a nine-brt fiekj that defines in scanltnes the 
verbca) size for the upper half of a dual-scan STN LCD. 

• The least-significant eight bits are tn Extension Register CR49[7:0]. 

TFT HSYNC Dot^lock Delay (1:0]: 

• These bits provide further control, in 1-DCLK increments, for the TFT 
HSYNC honzontal start position defined in CR47 in 4-DCLK increments. 

• These bits control the dot-dock delay in 1-DCLK increments, according to 
the folk>wing table: 



CR4e 


Dot-Clock Delay 


i [1] [0] 


0 ! 0 


No Delay 


; 0 1 1 


Oetay > 1 Dot Clock 


1 1 0 


Delay r 2 Dot Docks 


1 1 ; ^ 


Delay = 3 Dot docks 
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6J.96 CR49: Vertical Size for Upper Half of Dual-Scan STN.LCOa 



I/O Port Address: 3?5 
Index: 49 

Bit Description Reset Stats 

7(MSB) Vertical Size for Upper Half of Dual-Scan STN LCDs [7] 0 

6 Vertical Size for Upper Half of Dual-Scan STN LCDs [6) 0 

5 Vertical Size for Upper Half of Dual-Scan STN LCDs [5] 0 

4 Vertical Size for Upper Half of Dual-Scan STN LCDs [4J 0 

3 Vertical Size for Upper Half of Dual-Scan STN LCDs [3] 0 

2 Vertical Size for Upper Half of Duai-Scan STN LCDs [2] 0 

1 Vertical Size for Upper Half of Dual-Scan STN LCDs [1] 0 

O(LSB) Vertical Size for Upper Half of Dual-Scan STN LCDs [0] 0 



NOTE: The *?' in the above register address is 'B' in Monochrome Mode and V in Odor Mode. 
Bit Description 

To Vertical Size for Upper Half of Dual-Scan STN LCDs [7:0]: 

• These bits are the least-significant eight bits of a nine-bit field that defines 
the vertical size in scanlines. 

• The most-signfficant ninth bit of this field is in CR48(2]. 

• This vertical display position is relative to the start of the first vertical pulse, 
which IS ahead of the actual vertical display when the centering feature is 
enabled (using registers CR40 through CR43). 

• Up to 51 1 scanlines can be defined for display on the upper half of a duak 
scan STN LCD. 

• The actual value in this register will be one less tiian tiie lines displayed. 
For example: 

— For an LCD using a 4Q0-\\r\e nrKXie. program 239. 
(1/2 X 480) = 240 lines being displayed for upper half. 
240 - 1 = 239 

— For an LCD using a 600-line mode, program 299. 
(1/2 X 600} = 300 lines being displayed for upper half. 
300 • 1 = 299 

Note: The number of lines programmed in this register represents actual dis- 
played tines. 
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6.7.97 CR4A: Vertical SIza for LCDa 



I/O Port Address: 3?5 
Index: 4A 

Bit Description Reset State 

7(MSB) Vertical Si2e tor LCDs [7] 0 

6 Vertical Size for LCDs [6] 0 

5 Vertical Size for LCDs [5] 0 

4 Vertical Size tor LCDs [4] 0 

3 Vertical Size tor LCDs [3] 0 

2 Vertical Size for LCDs [2] 0 

1 Vertical Size for LCDs [1] 0 

O(LSB) Vertical Size tor LCDs [0] 0 



NOTE: The 7' m the above register address is *B' in Monochrome Mode and V* in Color Mode. 
Bit Description 

To Vertical Size for LCDs (7:0]: 

• These bits are the least-significant eight bits of a ten-bit field that defines 
the overall vertical size in scanlines for the LCD. regardless of whether the 
LCD is dual scan or single scan. 

• . The verticaJ display position is relative to: 

— the start of the vertical mid-point on duakscan LCDs 

— the first vertical puise on single-scan LCDs 

• The actual value in this register will be two less than the total lines being 
displayed. (For example, for a 4d0-line display, program 478 lines.) 

• Dual-scan LCDs normally have the same amount of scanlines in both the 
upper and lower halves of the LCD. 

• The most-signrticant two bits of this field are in CR48[5:4]. 
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6.7.98 CR4B: Reserved — Scratch Pad Register 

1/0 Port Address: 3?S 



Index: 4B 

Bit Description RMet State 

7(MSB) Reserved 

6 Reserved 

5 Reserved 

4 Reserved 

3 Reserved 

2 Reser^ 

1 Reserved 

0(L5B) Reserved 



NOTE: The in the above register address is B* in Monochrome Mode and *0' in Color Mode. 

Q This register Is reserved for the exdusrve use of the CL-GD7542 BIOS, and must never be 

vvntten by any application program. 

W BH Description 

7:0 Reserved. This register ts used as a scratch-pad register by the BIOS. 
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6.7.99 CR4C: Input-Retolution Override for Dithering 

I/O Port Address: 3?5 



Index: 4C 

Bit Description Reeat l 

7(MSB) Input-Resolution Ovenide Enable 0 

6 Reserved 

5 Reserved 

4 Reserved 

3 input Resolution Oven-ide [3] 0 

2. Input Resolution Ovemde [2] 0 

1 Input Resoluton Ovemde [1] 0 

O(LSB) Input Resoluton Override jO] 0 



NOTE: The in the above register address is "B' in Monochrome Mode and 'D' in Color Mode. 

This register, which is used wtth both TFT and STN LCDs, is used to change the CL- 
GD7542's default input resolution settings for the data sent to the dither block. 

• When the MVA is enabled, this override register affects only the sun-ounding area. 

• The MVW display is controlled by independent input and output resolution control bits. 

• This register supports a rnaximum of 6 x 6 dithering. 

Brt De scription ^^^^^^^^^^ 

7 Input-Resolution Override Enable: 

When this bit: 

• IS 0. the settings from HDR (the Hidden DAC Register) apply, including the 
default input resolution settings shown in the XatAe below: 



Dithering Matrix 


Default Input Resolution Settings 


6 brts/9un 


True Cotof Mode 


6t>rts/gun 


Al VOA-compsttojirty ootor modes 


All extended co4or modes that go through the paiette RAMDAC 


S-6-& Hign Color Mode 


S bra/gun 


5-&-5Hign Color Mode 


3 bra/gun 


3-3-2 Cotor Mode <does not go through the palette RAMDAC) 



— For the default input resolution settings, the CL-GD7542 dithers to 
maximize the numoer of colors displayed on an LCD. 

IS 1 . the default input resolution settings are overridden, and new input res-- 
otution values are defined in CR4C[3:0]. 

— If the default input resolution settings are not desired, the BIOS can 
overnde them by programming any number between Oh and Fh. As a 
result, the CL-GD7542 can dither more or less than the default case 

— As long as the dithering matrix is smaller than or equal to 6 x 6. the CL- 
GD7542 can suppon a combination of input and output resolutions. 

Contmuec on next p3ge 
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6.7.99 CR4C: Input-Resolution Override for Dithering (Cont) . 
Bit Oeseription 
6:4 Reserved 

3:0 Input Resolution Override [3:0]: 

• When the CR4C[7] ovemde enabiB bit is 1, the CR4C[3:0] bits define the 
new input*resolution values for data sent to the dithering block. 

• The hex value programmed in these bits define the number of bits per gun 
that the CL-GD7S42 uses to control the drthertng on an LCD, independent 
of the fottowing: 

— the output resolution 

— the dithenng state (enabled vs. disabled) 

— the CL-GD7542 mode (graphics vs. text) 



CR4C 


Dithering Result for LCD 


[3] 


12) 


[1] 


[0] 


0 


0 


1 


1 


3bfis/gun 


0 


1 


0 


0 


4 Ms/gun 


0 


1 


0 


1 


Sb(&/gun 


0 


1 


1 


0 


6 bfts/gun 




1 


1 


1 


7 brts/gun 


1 


0 


0 


0 


8 Ml/gun 



Continued on next page. 
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6.7.99 CR4C: lnptit*Reaolution Override for Dithering (Cont) 
Bit De ecriptlon 

3:0 Override Input Resolution [3:0]: 

(cont) 

Example 1: 

When the Qiven conditions are: 

• Data comes from the 18-bit palette DAC color look-up table as 6 bfts/gun. 

• Colors displayed are 256. 

• There are 8 bits/pixel. 

• LCD IS a 3 bits/gun TFT. 
Then: 

• The CL-GD7542 default input resolution is 6 bits/gun. 

• The CL-GD7542 output resolution is 3 bits/gun. 

• When 2x2 dithenng ts enough: 

~ The 6 brts/gun default input resolution is overridden with one of 5 brts/gun. 

— Since 5 bits/gun - 3 brts/gun = 2 bfts/gun, this leads to a 2 x 2 dithering and the 
equn^aient of 5 bits/gun (2^ = 32 colors per gun, or 32K colors). 

• When 256K colors is not enough and a better effect is desired: 

— More dithering is possible by programming an input resolution of 7 bte/gun. 

— Since 7 brts/gun - 3 bits/gun = 4 brts/gun, this leads to a 4 x 4 dtthenng and the 
equrvalent of 7 bits/gun {2^ s 128 colors per gun, or 2M colors). 

Example 2: 

Whgn Thg flfygn gggditfons are; 

• Colors displayed are 16. 

• There are 8 bits/pixel. 

• LCD IS a color STN. 

• The output resolution is programmed as 4 bits/gun (2^ s 16). 
Then 

• The CL-GD7542 default input resolution is 6 brts/gun. 

(ComDining Z* = 16 colors with 2^ = 4 color dithenng results in 2^ x 2^ = 2^ = 6 bits/gun.) 

• By changing the output resolution to 3 brts/gun. the CL-GD7542 generates 2^ s 8 colors. 

• When the input resolution is 6 bns/gun. the CL-GD7542 does more dithenng to get 6 bits/ 
gun 

• When the input resolution ts 4 bits/gun. the CL-GD7542 needs only 1 x 1 dithenng to get 
a total of 16 equivalent <"^'ors per gun 
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6.7.100 CR4D: Output Resolution for Dithering 

I/O Port Address: 3?5 
Index: 4D 

Bit Description Reset State 

7(MSB) MVA Output Resolution for Dithering [3] 0 

6 MVA Output Resolution for Dithenng [2] 0 

5 MVA Output Resolution for Dithering [1] 0 

4 MVA Output Resolution for Dithering [0] 0 

3 Output Resolution for Dithering [3] 0 

2 Output Resolution for Dithenng [2] Q 

1 Output Resolution for Dithenng [1] o 

O(LSB) Output Resolution for Dithering [0] o 



NOTE: The 7' in the above register address is in Monochrome Mode arxj *D' in Color Mode. 
Bit Description 

7 4 MVA Output Resolution for Dithering [3:0]: 

These bits define the output resolution value for dithering exactfy the same as 
CR4Df3:0] below, except they apply to the MotionVideo™ Window (MVW), 

These bits are active even when the MVW is displayed on the entire screen. 

3:0 Output Resolution for Dithering [3:0]: 

These brts define typical output resolution values for dithering various LCDs. 
The hex value programmed in these brts define the number of bits per gun 
used by the CL-GD'7542. ' 



CR4D 


Output Resolution for Dfthering LCDs: 


[3) 


[2] 


PI 


to] 


TFT LCDs 
(No Frame-Rate 
Modutation) 


STNLCDs 
(Frame-Rate 
Modulation Occurs) 


i ° 


0 


0 


^ j Not applicable 


2-shade STN LCDs: 1 bit/gun 




0 


1 1 0 i Not applicable 


4.shade STN LCDs: 2 bits/gun 


i ° 


0 


1 1 1 i 3 bits/gun 


8-shade STN LCDs: 3 brts/gun 


- 0 


1 


0 ! 0 4 brts/gun 


16-shade STN LCDs: 4 brts/gun 


i 0 


^ 1 ^ 


0 1 6 orts/gun 


Not applicable 


1 


0 1 0 1 0 1 8 bits/gun | Not applicable 



Note Programming values other than the ones specified in the above table 
may have unpredictable results. Also, the Reset value of zero ts not a 
valid value Therefore, this register must be programmed at start-up 
with the correct output resolution for the LCD used (TFT or STN). 
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6.7.101 CR4E: MVA Input-Reeolutlon Override for Dithering 

I/O Port Address: 3?5 
Index: 4E 



Bit Deecription Reset 

7(MSB) MVA Input-Resolution Override Enable 0 

6 Enable Dithenng for the MVA 0 

5 Reserved 

4 Reserved 

3 MVA Input Resolution Ovemde [3] 0 

2 MVA Input Resolution Override (2] 0 

1 MVA Input Resolution Ovemde [1] 0 

O(LSB) MVA Input Resolution Override (OJ 0 



NOTE: The in the above register address is in Monochrome Mode and 'D' in Color Mode. 

This register is used to change the CL-GD7542*s default resolution settings for the data sent 
to the dither block, either for the MVA window or for when the MVA fills the entire screen. 

Bit Deecription 

7 MVA lnput*Reeolution Override Enable: 

When this bit: 

• IS 0. the settngs from HDR (the Hidden DAG Register) apply, including the 
default input resolution settings shown in the table below: 



Dithering Matrtx 


Default Input Resolution Settings 


B b(ts/gun 


frM Tru* Color Mode 


6 brta/gun 


AJ VGA-oompadbiiity color modes 


Al ejaended color modm that go through the palette RAMDAC 


fr«-5 High Coior Mode 


5 bfls/gun 


High Cotor Mode 




3-3-2 Color Mode (does not go through the palette RAMDAC) 



• IS 1 . the detautt input resolution settings tor the MVA are overridden, and 
new values are defined in CR4E[3:0]. 



e Enable Dithering for the MVA: 

When this bit is 1 , MVA dithering is enabled. 

5 4 Reserved 

Connnuea on hext page 
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6.7.101 CR4E: MVA Input-Resolution Override for Dithering (Cant) 

BH Deecri ption 

3:0 MVA Input Resolution Override [3:0]: 

• When the CMEU] override enable bit is 1. the CR4Ef3:0] bits define the 
new input-resotution values for data sent to the dithering block, so that the 
amount of colors in MVW can differ from the surrouriding area. 

• The hex value programmed can t>e any number t)etween 1h and Fh. 

• The value programmed in these bits define the number of bits per gun that 
the CL-GD7542 uses to control the dithering on an LCD. independent of the 
following: 

— the output resolution 

— the dithenng state (enabled vs. disabled) 

— the CL*Q07542 mode (graphics vs. text) 



CR4E 


DttheHng Result for LCD 


[3] 


12] 


{1] 


[0] 


0 


0 


1 


1 


3b(ts/gun 


0 


1 


0 


0 


4 bits/gun 


0 


1 


0 


1 


Sbfts/gun 


0 


1 


1 


0 


6 bets/gun 

All data goes through the paletto RAMOAC. 
Data may be erther 4 or 8 brta/paal.) 


0 


1 


1 


1 


7b(ts/gun 


1 


0 


0 


0 


6bfts/gun. tnciudes: 
8^ RGB Tnie Color Mode 
6-b(t True Color Mode 
YUV 4-2-2 
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6.7.102 HDR: Hidden DAC Register 

I/O Port Address: 3C6 
Index: (rVa) 



Bit Desertion Reset State 

7 5-5-5 Extended Color Mode Enable 0 

6 Extended Color Mode Select Bits Enable 0 

5 Clocking Mode 0 

4 32K Extended Color Mode Control 0 

3 Extended Color Mode Select [3] 0 

2 Extended Color Mode Select [2] 0 

1 Extended Color Mode Select [1] 0 

0 Extended Color Mode Select [0] 0 



This register 

• IS used to enable extended color modes, including the following: 

— l5-b(t/pixel extended color mode 

— 16-brt/pixei extended color mode 

— 24-brt/pixel extended odor mode 

• IS accessed by reading four times tn succession the Extemai/General 3C6 Pixel Mask 
Register. The next write or read at 3C6 will then access the Hidden DAC Register. 

— A write to the Hidden DAC Register resets the internal counter, and the four dummy 
reads of the 3C6 Pixel Mask Register must be executed again. 

— A read from the Hidden DAC Register resets the tntemal counter, and the four dummy 
reads of the 3C6 Pixel Mask Register must be executed again. 

— Reads from the 3C6 do not lock the Hidden DAC Register. 

• ts cleared to ail zeroes at reset putting the CL*GD7542 in VGA-compatibtllty mode. 

• does not affect Moton Video Architecture modes. 



Bit Description 



&-&-5 Extended Color Mode Enable: 

• When this brt is 0: 

— The extended color modes are disabled. 
~ The Palette DAC is VGA-compatible. 

• When this brt ts 1 : 

— ft enables the extended color modes (including the 5-5-5 extended color 
mode), as chosen by bit [6] and bits (3:0) of this register 

Extended Color Mode Select Bits Enable: 

When bit [7] = 1 , and this bit is 

• 0. the extended color mode select bits [3:0J of this register are ignored, and 
the extended color mode will be the 5-5-5 mode. 

• 1 . the extended color mode select bits [3:0] of this register are enabled to 
select an extended color mode (other than the 5-5-5 mode). 



Conunuea on nexi page 



Orrvs Confidential -jo^A-^ 
BuMne^s Infomtiition / OJ 



August 26. 2994 



P^ebminan Dau Book 



339 



EXTENSION REGISTERS 



CL*GD7542 (Nordic) TechrfieaJ Reference Manual 



6J.102 HDR: Hidden DAC Register ^conf.; 
Bit Description 

5 Clocking Mode: 

• When this brt is 0. Clocking Mode 1 will be chosen. In Clocking Mode 1 : 

— 16-brt/pixel modes will use both edges of DCLK to latch data. 

— The rising edge of DCLK will latch tiie least-significant byte, and 
the falling edge of OCLX will latch the most-significant byte. 

• When this bit is 1 . Clocking Mode 2 wUI be chosen. In Ck>cking Mode 2: 

— 1 6-brt/pixel modes will use only the rising edge of DCLK to latch data. 

— The OCLK must be supplied at twice the pixel rate. 

— The first rising edge of DCLK will latch the least-significant byte, and 
the second rising edge of DCLK will latch the moat-significant byte. 

NOTE: All modes other than IS-bit/pbcel use only the rising DCLK edge, 
regardless of this bit 

4 32K Extended Color Mode Control: 

When this bit: 

• is 0, a 5-5-5 extended color mode operatton will take place nom^ly. 

• IS 1 and Pixel Data Bit [15]: 

— is a 0. then the 5-5-5 extended color mode operatxxi that is chosen 
allows 5-5-5 data to overlay 25&color images on a pbceH>y-pixel basis. 

— is a 1, then Pixel Data Bits [7:0] choose a palette entry and Pixel Data 
Brts [14:8] are ignored. 

3:0 Extended Color Mode Select [3:0]: 

When HDR[7:6] = 11, this tour-bit field selects an extended color mode 
according to the following table: 



HDR 


Color Mode 


[7] 


[6] 


[3] 


[2] 


[1] 


[0] 


0 


X 


x 


X 


x 


X 


VGA Compatibility Color Mode 




0 


X t X 


x 


X 


Extended 
Color 
Mooes 


5-5-5 




0 1 0 


0 


1 


5-6-5 XGA~ 






0 1 1 1 0 


1 


6-6-8 16-miUion Color 


; 1 1 1 


0 1 1 1 1 


X 


DAC Power-Down 


1 1 1 


1 


0 1 0 


0 


8-bit Grayscale 


1 ! 1 


1 


0 1 0 1 1 


3*3-2 a-bftRGB 



NOTE: Any undefined settings are reserved. 
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6.7.103 R2X: LCD Timing — LFS Vertical Potltlon #1 (MISCr7:6] e 11) 

I/O Port Address: 3?5 

Index: 2 — This register is accessible only when Extension Register CR2D[7] s 1 . 



Bit Description Accms RMCt State 

7{MSB) LFS Vertical Position \7] R/W 0 

6 LFS Vertical Position [6] R/W 0 

5 LFS Vertical Position [5] R/W 0 

4 LFS Vertical Position (4j R/W 0 

3 LFS Vertical Position [3] RAV 0 

2 LFS Vertical Position [2] RAW 0 

1 LFS Vertical Position (1 ] R/W 0 

O(LSB) LFS Vertical Position [0] R/W 0 



NOTE: The *?' in the above register address is 'B' in Monochrome Mode and 'D' in Color Mode. 

Register R2X (and Registers R3X. R4X. R5X. and RCX with overflow bits in R6X and REX) 
define in scanlines tiie vertical position of the line franr>e start signal (LFS), relath^e to the CRT 
frame start signal. 

• At power-on seff-test. these registers are programmed according to the type of LCD used. 

• Which registers are automatically selected depends on the graphic nxxles tivit are select- 
ed and which expansion and centering options are selected. 

• Refer to Table 6-10 for selection options. 

Bit Description 

7^0 LFS Vertical Position «1 [7:0]: 

• These bits are the least-significant eight bits of a 1 0-bit field. The field's va^ 
ue defines in scanlines the vertical position of the line frame start (LFS) sig* 
nal. relative to the CRT frame start signal. 

• For 640 x 480 LCDs, the R2X field is used when: 

— CR2D[1] s 0 (automatic vertical e99>ans(on is disabled). 

— CR2D[0] = 0 (automatic centenng is disabled). 

— Extemal/General Register MISCI7:6] = 11 (480 lines are displayed). 

• For 640 X 480 LCDs, the R2X field is used for ail modes when: 

— CR2D(1] = 1 (automatic vertical expansion is enabled). 

— CR2D[0] = 0 (automatic centenng is disabled). 

• For 800 X 600 LCDs, the R2X field is used in a'l cases: 

— CR2D[1] = 0 (automatic vertical expansion is disabled). 

— CR2D[0] = 0 (automatic centenng is disabled). 

— excepr when External/General Register MISCr7:6] = 10 
(350 lines are displayed) 

• The most-significant two bits of this field are stored in register R6X[7:6). 
* For LFS Venicai'Position-S election Logic Diagram, refer to Figure 6-5. 

Continuea on next page 
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6.7.103 R2X: LCD Timing — LFS Vertical Position #1 (MlSCr?:^] = 11) - (Cant) 
Table 6-9. LFS Vertteal Position Register Automatic Selection 



LFS Vertical 
Position Register 
Selected 


Auto 
Vertical 
Expand 


\ute 
Center 


MISC[7:«] 


Diaplay 
Resolution 
Mode 


LCD Size 


f^^r^f •wj Via 

R6Xr7:61 


Off 


On 


t1 


640x480 


640x480 


On 
CR2Df1] 


X 


X 


AltfipUiy 
lesokibon 


640x480 


On 
CR2gi:0] 


X 


11,01,00 


mSSSi 

fflOdM 

enpttor 
350linet 


800 x 600 


R3Xr7:0I and 
R6X(5:4] 


Off 


On 
CR20[0] 


10 


640x350 


640x480 or 
800 x 600 


R4Xr7:0) and 
R6Xf3:2] 


Off 


On 
CR2D[0] 


01 


640x400 


640x480 or 
800x600 




Off 


On 


01 


720x400 


800 x 600 


R5X[7:0)and 
R6X[1.0] 


Off 


On 


00 


800 X 600 


800x600 


RCXr7:0] and 
REXI1:0I 


On 


X 


10 


640x350 


800 x 600 



a. Autonrtatic vertcai expansion is controiled by different registers, depending on the LCD soe 
selected. 

"Off means all the appropnate brts are set to 0. 
*0n* means alt the appropnate bfts are set to 1 . 



Cirrus ConfiaentiJl 
Business Informaoon 

CL 28766 



342 



Prebminarx' Data Book 



August 26, 1994 

Rev 1 1 



5^ 



Vis, 



CL-GD7542 (Nonjjc) Technical Reference Manual 
6.7.103 R2X: LCD Timing — LFS Vertical Position #1 (MISCr7:6] » 11) - (Cont) 



EXTENSION REGISTERS 



R2X 



RCX 



IMtSC[7:6] and Not Auto^xpand 







X 


10 


Control of LFS Position 


X 


01 




X 







800 X 600 LCD: R9XI3:2} = 01 
and 350-line mode: MISC[7:6]g10 



Note: The 800 x 600 and 640 x 480 LCD expansions are controlled by different bits, 
and their expansion algonthms are different 



MISCr7:6} setting selects either 
R2X, R3X, R4X. or R5X. 



R4X^ 
RSX^ 



11 
10 
01 
00 



Control of LFS Position 



640 X 480 panel or 800 x 600 panel. 
Auto-centenng enabled. 
Auto-expansion disabled. 



Figure 6-5. LFS Vertical-Position-S' 'lection Logic Diagrams 
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6.7.103 R2X: LCD Timing — LFS Vertical Position #1 (MISC[7:6] s 11) - (Cont) 



Table 6-10. LFS Vertical Position Register Automatic Selection 



LFS Vertical 
Position Register 
Selected 


Automstie 

Vvnicai 
Expensien 


Automatie 
Csntariny 


MISC 


Display 




m 


m 


Mods 


R2Xr7:0]and 
R6XI7:6) 


Off 


On 


1 


1 


640x480 


640x460 


On 
CR20(1] 


X 


X 


X 


AidiMay 
fssolulMn 
modss 


640x480 


On 
CR2EI1:0] 


X 


1 


1 


AJIdtaplay 
reeohitoon 

modss 
•xoepcfor 
aSOines 


800 x 600 


X 


0 


1 


X 


0 


0 


R3XI7:01afKJ 
R6XI5:4] 


Off 


On 
CR20[01 


1 


0 


640x350 


640x460 or 
600 x 600 


R4XJ7:01 and 
R6X|3:2| 


Off 


On 
CR2D[0] 


0 


1 


640x400 


640x460 or 
800 x 600 


Off 


On 


0 


1 


720 x 400 


600 x 600 


R5Xr7:01 and 
R6X11:01 


Off 


On 


0 


0 


800x500 


600 x 600 


RCXP:0) »nd 
REXI1:0) 


On 


X 


1 


0 


640 x 350 


800x600 



a. Automate verticaJ expansion is controlled by different registers, deperxling on the LCD size 
seleaed. 

*Ofr means all the appropnate bits are set to 0. 
"On* means all the apprupnate brts are set to 1 . 
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6.7.104 R3X: LCD Timing ^ LFS Vertical Position *2 (iyiiSC[7:6} « 10) 

t/0 Port Address: 3?5 

tndex: 3 — This register is accessible only when Extension Register CR20[7] = i . 



BK 


OMcription 


Aeeeee 


ReaetJ 


7(MSB) 


LFS Vertical Position «2 [7] 


R/W 


0 


6 


LFS Vertical Position #2 16} 


R/W 


0 


5 


LFS Vertical Position «2 [5] 


R/W 


0 


4 


LFS Vertical Position #2 [4] 


RW 


0 


3 


LFS Vertical Position #2 [3] 


R/W 


0 


2 


LFS Vertical Position #2 [2] 


R/W 


0 


1 


LFS Vertical Position «2 (1] 


R/W 


0 


O(LSB) 


LFS Vertical Position «2 [0] 


RMT 


0 



NOTE: The *r in the above regtster address ts 3' tn Monochrome Mode and '0* in Color Mode. 

This register defines in scanlines the vertical position of the line frame start sigrial (LFS), rela- 
tive to the CRT frame start signal, under the conditions explained below. 

'^1 Bit Description 

;g tIo LFS Vertical Position #2 [7:0]: 

^ • These bits are the least-significant eight bits of a 10-bit value that defines 

#^ in scanlines the vertical position of the LFS signal, reiattve to the CRT frame 

f 1^ start signal, when: 

— External/General Register MISCf7:6] = 10 (350 lines are displayed). 
IfTi — Extension Register CR2D(1]xO 

(automat)C verbcal expansion is disabled). 

— Extension Register CR2DI0] « ^ 
(automatic oentenng ts enabled, when CR2D[1] = 0). 

• The most-significant two bits are stored in register R6X[5:4]. 

• For selection options, refer to Table 6-1 0. 
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6.7.105 R4X: LCD Timing — LFS Vertical Position #3 (MIS^[7:S] s 01) 
I/O Port Address: 3?5 

Index: 4 — This register is accessible only when Extension Register CR2D[7] = 1 . 



Bit 


Description 


Aoettt 


Reset State 


7(MSB) 


LFS ' 'ertical Position #3 [7] 


R/W 


0 


6 


LFS Veitcai Position #3 [6] 


R/W 


0 


5 


LFS Vertical Position #3 [5] 


RAV 


0 


4 


LFS Verticai Positaon «3 [4] 


RW 


0 


3 


LFS Vertical Position #3 [3] 


R/W 


0 


2 


LFS Vertical Position #3 [2] 


R/W 


0 


1 


LFS Venieal Position *3 [1] 


R/W 


0 


O(LSB) 


LFS Vertical Position «3 [oj 


R/W 


0 



NOTE: The 7' in the above register address is 'B* in Monochrome Mode and 'D' in Color Mode. 

"TTi's register defines in scanlines the vertical position of the line frame start signal (LFS). rela- 
'i! tive to the CRT frame start signal, under the conditions explained below. 

lHJ Bit Description 

LFS Vertical Position #3 [7:0]: 

• These bits are the least-significant eight bits of a lO^it value that defines 
in scanlines the vertical position of the LFS signal, relative to the CRT frame 
start signal, when: 

— External/General Register f^lSC[7:6] = 01 (400 lines are displayed). 

— Extension Register CR2D(1] = 0 
(automatic vertical expansion is disabled). 

— Extension Register CR2D[0) = 1 
(automatic oentenng is enabled, when CR20[1] s 0). 

• The most-significant two bits are stored in register R6XI3:2). 

• For selection options, refer to Table 6-10. 
43] =================— ======^ 
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6.7.106 R5X: LCD Timing — LFS Vertical Poettlon #4 (MISC[7:6J « 00) 

I/O Port Address: 3?5 

Index: 5 — This register is accessible only when Extension Register CR20[7] = 1 . 



Bit Description AeoMS Reset SUte 

7(MSB) LFS Vertical Position #4 [7] R/W 0 

6 LFS Vertical Position #4 [6] R/W 0 

5 LFS Vertical Position #4 [5] R/W 0 

4 LFS Vertical Position #4 (4] R/W 0 

3 LFS Vertical Position #4 [3] R/W 0 

2 LFS Vertical Position #4 [2] R/W 0 

1 LFS Vertical Position »4[1] R/W 0 

O(LSB) LFS Vertical Position #4 [0] R/W 0 



NOTE: The 7' in the above reyister address is "B* in Monochrome Mode and '0' in Color Mode. 

This register defines in scaniines the vertical position of the line frame start signal (LFS), rela* 
trve to the CRT frame start signal, under the conditions e)^ained below. 

Bit Description 

To LFS Vertfeal Position #4 [7:0): 

• These bfts are the least-significant eight bits of a 10*bit value that defines 
in scaniines ti^ vertical position of tiie LFS sigrud. relative to the CRT frame 
start signal, when: 

— External/General Register MISCf7:6] s DO. 
^ Extension Register CR2D(1]s0 

(automatic verticaJ expansion is disabled). 
~ Extension Register CR2D[0] s i 

(automatic oentenr)g is enabled, when CR2D(1] s 0). 

• The most-significant two bns are stored in register R6X{1:0]. 

• For selection options, refer to Table 6-10. 
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6.7.107 R6X: LCD Timing — Overflow Bits for LFS Signal Compare 

I/O Port Address: 3?5 

Index: 6 — This register is accessible only when Extension Register CR2D[7] = 1 



Bit 


DMcription 


Access 


Reset State 


7(msb; 


R2X LFS Vertical Position #1 [9] 


RW 


0 


6 


R2X LFS Vertical Position *1 [8] 


RW 


0 


5 


R3X LFS Vertical Position #2 [9] 


RW 


0 


4 


R3X LFS Vertical Position «2 [8] 


R/W 


0 


3 


R4X LFS Vertical Position «3 [9] 


R/W 


0 


2 


R4X LFS Vertical Position #3 (81 


R/W 


0 


1 


R5X LFS Vertical Position #4 [9) 


RW 


0 


O(LSB) 


R5X LFS Vertical Position «4 [8] 


R/W 


0 





NOTE: The 


*?' in the above register address is 'B' in Monochrome Mode and 'D' in Color Mode. 




This regtster defines the two most-significant overflow bits for the LFS Vertical Position regis- 
ters R2X, R3X. R4X, and R5X. 




Bit 


Description 


-sat 


7:6 


R2X LFS Vertical Position «1 [9:8]: 

When External/General Register MISC(7:6] = 11. these are the most-signrfi- 
cant two brts of register R2X« creating a 10-bit value. 


ft 


5-4 


R3X LFS Vertical Position #2 [9:8]: 

When Extenviil/Qeneral Register MISC[7:6] = 10, tr>ese are tf^e most-signifi- 
cant two brts of register R3X. creating a 10-t>tt value. 




3.2 


R4X LFS Vertical Posftion #3 [9:8]: 

When External/General Register MISC[7:6] s 01 « these are the most-signifi- 
cant two bits of register R4X. creating a 10-bit value. 






R5X LFS Vertical Position #4 [9:8]: 

When External/General Regtster MISC[7:6) « 00. these are the most-signifi- 
cant two bits of register RSX. creating a 10-bit value. 
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6.7.108 R7X: LCD Timlnfl — LCD Signal Control for Color TFf LCDs 

1/0 Port Address: 3?5 

Index: 7 ^ This register is accessible only when Extension Register CR2D[7] «= 1 . 



BK Deeeriptlon Aoeou Reset State 

7(MSB) Reserved 

6 Reserved 

5 Resen/ed 

4 Reserved 

3 LFS Output RAW 0 

2 LLCLK Output R/W 0 

1 FPVDCLK Inversion R/W 0 

O(LSB) Free-Running FPVDCLK for TFT LCDs R/W 0 



NOTE: The *?' in the above register address is 3* in Mor^ochronte Mode and *D* in Color Mode. 



Bit Description 

7:4 Reserved 

3 LFS Output: 

In t>oth of the following cases, the \ir\e frame signal (LFS) output is controlled 
by the first verbcat pulse, which marks the t>eginntng of the LCD display. 

• When this bit isO: 

— the LFS output pin dnves both STN arKj DE-type TFT LCDs. 

— the LFS output (which may also be called FLM) is one line wide and is 
programmable. 

• When this brt is 1 : 

— the LFS output pin drives the VSYNC input for non-DE-type TFT LCDs. 

— the LFS output (which may also be called TFT-VSYNC) is two lines 
wide and can support only stngle-scan LCDs. 

• Set this bit to 1 for Matsushita TFT LCDs. 

Continued on next page. 
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6.7.108 R7X: LCD Timing — LCD Signal Control for Color TFTXCDe (Cont.) 
Bit Description 

2 LLCLK Output: 

• When this bit is 0: 

— The LLCLK output pin drives both STN and DE-type TFT LCDs. 

— The iJ.CLK stgnat position is controlled by "LCD Horizontal Display 
Enable Starf values stored in Extension Registers CR40 to CR42. and 
Extension Register CR43 is used for fine positioning. 

— The LLCLK stgnat starts with the HFirst piflse. (Refer to the tming 
diagram within the descnption of the Ex^nsion Register CR40.) 

— The LLCLK signal is always 25 dot docks before the LCD display 
enable start signal. 

• When this bit is 1: 

— Tie LFS to VSYNC. (Refer to Extension Register R7XI3].) 

• This bit must be set to 1 for 

— non-DE-type TFT LCDs. 

— LCDs that require an offset different than 25 dot docks between the 
LLCLK (or LCD HS YNC) Signal and the LCD display enable start signal. 

For instance, some LCDs require an offset of 144 dot docks between 
LLCLK and the first LCD shift dock. In this case, set R7XI2] = 1 , which 
places the LLCLK output under ttie control of Extension Register 

CR47r7:0]. 

1 FPVDCLK inversion: 

This bit can be used with all LCDs. 

• When this brt is: 

-r 1 , the FPVDCLK signal is inverted, and LCD data are latched on the 
low-to-high transition of FPVDCLK. 

— 0. the FPVDCLK signal is not inverted, and LCD data are latched on 
the high-to-low transition of FPVDCLK. 

• Dunng Suspend mode. FPVDCLK is forced low, independent of this bif s 
potanty. 

0 Free*Running FPVDCLK Enable for TFT LCDs: 

Set this bit to 1 only lor TFT LCDs that have a display enable input pin. When 
this bit: 

• = 1 . and when the LCD power sequence is on. FPVDCLK is always active . 
(free-running) lor TFT LCDs. 

• = 0. FPVDCLK IS gated by the display enable signal and remains active 
only r«iinng display time 
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6.7.109 R8X: LCD Timing ^ Shift Clock and Data Format Saloet for STN LCDs 

I/O Port Address: 3?5 

Index: 8 ^ This register is aooesstbte only when Extension Register CR20[7] s 1 . 



Bft 


DeecrtpUon 




Reset State 


7(MSB) 


Horizontal Cross*Talk Reduction Enable 


R/W 


0 


6 


Vertical Cross-Talk Reduction Disable 


R/W 


0 


5 


Dual*Scan/Stngle-Scan Monochrome LCD Select 


R/W 


0 


4 


Foreground*Onty Text Enhancement 


RAV 


0 


3 


Reserved 




0 


2 


Resen/ed 






1 


DualSingle Shm-Clock Select tor STN LCDs 


R/W 


0 


O(LSB) 


16*Brt / 8*Bit Data-Interface Selea for STN LCDs 


R/W 


0 


NOTE: The in the above register addn»ss is B* in Monochrome Mode artd 'D' in Color Mode. 


Bit 


Descrfption 






7 


Horizontal Cross*Talk Reduction Enable: 








When this bit is 1 , honzontal cross-talk reduction is enat)led. This bit is a test 



bit and it must never be written by any application program. It is listed here 
only for completeness. 

6 Vertical Cross*Talk Reduction DIsabke: 

When this bit is V vertical cross-talk reductk>n is disabled. This bit ts a test bit, 
and tt must never be written by any application program. It is listed here only 
for completeness. 

5 Dual-Sean/Single*Scan Monochrome LCD Select: 

• When this bit IS 0, dual-scan monochrome LCDs are selected. 

• When this bit is 1 , singie-scan monochrome LCDs are selected. 

4 Foreground-Only Text Enhancement: 

• When this bit ts 0. nomial text is displayed. 

• When this bit is 1 and Extension Register CR1 E(1] s 1 . 
the foreground-only text enhancement is enabled. 

3 2 Reserved 

^ Dual/Single Shift-Clock Select for STN LCDs: ^ ' * 

On an STN LCD. when this bit: 

• = 0. a singie-shift clock is supplied to the FPVDCLK pin. 
* = 1 . duai-shift Clocks are supplied to the FPVDCLK and FPDE pins. 

0 16-Bit / 8-Bit Data-lnteHace Select for STN LCDs: 

• On an STN LCD. when this bit is 0. a 16-bit data LCD interface is selected. 
• On an STN LCD. when this Pit is 1 . an 8-bit data LCD interface is selected. 
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6.7.110 R9X: LCD Size and TFT LCD Data Format 

I/O Port Address: 3?S 

Index: 9 — This register is accessible only when Extension Register CR2Dr7] = 1 . 



Bit Description Accms Reset State 

7(MSB) Reserved 

6 Reserved 

5 Reserved 

4 Reserved 

3 LCD Size (1] RW 0 

2 LCD Size (0] WW 0 

1 TFT LCD Data Format (1) R/W 0 

O(LSB) TFT LCD Data Format (0) R/W 0 

NOTE: The T in the above register address is *B* in Monochrome Mode and 'D' in Color Mode. 

Bit Description 



7:4 Reserved 

3:2 LCD Size [1:0]: 

These two bits select the LCD size as shown in the table below. For informa- 
tion on specific LCD types and for detailed connection information, refer to the 
Guide to interfaang Panels to the CL-GD7S4Z 



MX 


LCD Size 


LCD Typee to Which 
LCD Size Can Be Applied 


13] (2] 


0 0 


640x480 


STN and TFT 


0 j 1 


800 x 600 


STNtndTFf 


1 0 








Reserved 





1 0 



TFT LCD DaU Format [1:0]: 

These two bits select the data format for TFT LCDs as shown in the table 
t>elow. For ir^formatton on specific LCD types and for detailed connection infor- 
mation, refer to the Guide to Interfaang Panels to the CL'GD7542, 



R9X 


TFT LCD Data Format 


[1] 


(0) 


0 


0 


9-t>rt (333) 


0 


1 1 l2.Drt{444) 


1 1 0 1 18-bf1(666) 


1 1 1 24-D(t(88a) 



CL28"''" 



Prcbmmary Data Book 



August 26, 1994 
Rev I 1 



CL-607542 (Noncfic) Techmca) Reference Manual 



EXTENSION REGISTERS 



6 J.ltl RBX: Shad* Conversion and Extra LCD Llna Clock Inaertien 

1/0 Port Address: 3?5 

Index: B — This register is accessible onty when Extension Register CR2Dr7] & 1 . 



Bit Description 

7(MSB) Reserved 

6 Reserved 

5 Reserved 

4 Shades 7 and 9 Convert 

3 Shades 5 and 1 1 Convert 

2 Extra LCD Une Clock Enable [2] 

1 Extra LCD Une Clock Enable (1 ] 

O(LSB) Extra LCD Une Clock Enable {0] 



RAV 
RAV 
RAV 
RAV 
RAV 



Reset State 



0 
0 
0 
0 
0 



w 

•a 



NOTE: The *?' in the above register address is 3' in Monochrome Mode and 'D* in Cotor Mode. 



Bit 



2-0 



Description 



Reserved 



Shades 7 and 9 Convert: 

When this bit js 1: 

• shade 7 is converted to shade 6. 

• shade 9 is converted to shade 6. 



Shades 5 and 11 Convert: 

When this bit rs 1: 

• shade 5 ts converted to shade 4. 

• shade 1 1 ts converted to shade 10. 



Extra LCD Line Clock Enable [2:0]: 

The hex value in these three bits define up to five extra LCD iine docks, which 
can be inserted between the upper and lower hatf of a dual-scan LCD. 

• Extra line clocks are needed for those LCD manufacturers who disconnect 
the first one or two row dnvers on the lower half of a dual-scan LCD. 

• These bits generate extra line docks for disconnected row dnvers. 



RBX 


Result 


[2] 


ni ! 


[01 




0 




0 exira LCD fjne clocks 




0 1 


1 


^ extra LCD Ime clock 




1 ; 


0 


2 ettra LCD line docks 


' 0 


1 1 


1 I 


3 extra LCD line clocks 




0 ■ 


0 1 


4 extra LCD line clocks 


1 


0 


' i 


5 extra LCD line clocks 
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6.7.112 RCX: LFS Vertical Position for 525-Llne Modes . 
I/O Port Address: 3?5 

Index: C — This register is accessible only when Extension Register CR2Dr7] = 1 . 



Bit Description Reset State 

7 LFS VerticaJ Position tor 525-Line Modes [7] 0 

6 LFS Verticaf Positon for 525-Line Modes [6] 0 

5 LFS Vertical Position for 525-Une Modes [5] 0 

4 LFS Vertical Position for 525-Une Modes [4] 0 

3 LFS Vertical Position for 525-Une Modes [3] 0 

2 LFS Vertical Position for 525-Une Modes [2] 0 

1 LFS Vertical Position for 525-Une Modes (1] 0 

0 LFS Vertical Position for 525-Une Modes [Oj 0 



NOTE: The 7* in the above register address is *6* in Monochrome Mode and 'D* in Color Mode. 
For SOO X 600 LCDs, this register is used: 

• to expand ti^ 350 lines resulting from a 350-line mode to 525 lines and then to center the 
525 lines 

• to define in scanltnes ttie vertical position of the line frame start signal (LFS). relative to the 
CRT frame start signal, under the conditions explained below. 



Bit Description 

7:0 LFS Vertical Position for 525-Une Modes [7:0]: 

• These bits are the least-significant eight bits of a 10-brt value that defines 
in scanlines the vertical position of the LFS signal, relative to the CRT frame 
start sigr^. when: 

— The LCD is a 52&-lir>e LCD. or tiie LCD is one that uses a 525-line mode 
that has been expanded to 600 lines. 

— External/General Register MlSCr7:6] s 10 (350 lines are displayed). 

— Video modes 10 or F are being used. (These nrnxjes display 350 lines.) 

— Extension Register CR2D(1) s 1 
(automatic vertical expansion is enabled). 

• The most-significant two bits of this field are in REX[1 :0]. 

• For selection options, refer to to Table 6-10. 
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6.7.113 RDX: LCD Timing — LPS Vertical PotltJon #6 

I/O Port Address: 3?5 

Index: D — This register is accessible only when Extension Register CR20P1 « 1 . 



Bit 

7(MSB) 

6 

5 

4 

3 
2 
1 

O(LSB) 



Deaciiption 

Reserved 

Reserved 

Reserved 

Reserved 

Reserved 

Reserved 

Reserved 

Reserved 



Reset State 



NOT^: The in the above register address is *B' in Monochrome Mode and '0' in Color Mode. 

This register is reserved. 
BH Deaciiption 



7:0 



Reserved 
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6.7.114 REX: Overflow Bits for RCX Registor 

I/O Port Address: 3?5 

Index: E — This register is accessible only when Extension Register CR2D[7] = 1 . 



Bit 


Description 


Access 


Reset State 


7 


Reserved 






6 


Reserved 






5 


Reserved 






4 


Reserved 






3 


Reserved 






2 


Reserved 






1 


RCX: LFS Vertical Position for 525-ljr)e Modes [9] 


R/W 


0 


0 


RCX: LFS Vertical Position for 52S-Une Modes [8] 




0 



NOTE: The 7' in the above register address is 3' in Monochrome Mode and 'D' in Cotor Mode. 



Brt 


Description 


7:2 


Reserved 


1:0 


RCX LFS Vertical Position for 52S-Une Modes [9:8]: 




• These two overflow bits are the most-significant t)its of a 10-bit field, LFS 




Vertical Position for 52S-line modes. 




• For more information, refer to RCX[7:01, which contain the least-significant 




bits for this field. 
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6.7.115 ROY: Horizontal Total Shadow Ragiatar 

i/0 Port Address: 3?5 

index: -mis register ts accessible only when Extension Register CR2C[5:4] « 10. 

BH Deaeriptton 

7 Horizontal Total [7] 

6 Horizontal Total [6] 

5 Horizontal Total [5] 

4 Horizontal Total [4] 

3 Horizontal Total [3] 

2 Honzontal Total (2) 

1 Horizontal Total [1j 

0 Horizontal Total [0] 

NOTE: The 7' in the above register address is 3* in Monochrome Mode and V in Color Mode. 

The RiY (i = 0.2,3,4,5) Extension Registers are honzontal timing shadow registers. 

• These registers are used to automatically control the CRT controller on 640 x 480 
and 800 x 600 LCDs, for both low-resolution and high-resolution applications. 

♦ These registers control LCD timing independent of VGA modes. 



Reaet State 

0 
0 
0 
0 
0 
0 
0 
0 



Bit Description ^__^_„^___^_^^^^^^^^^^^^^__i_^ 

7:0 Horizomal ToUl [7:0]: 

When Sequencer Register SR1[31 = 0 (the DCLK signal is the same signal as 
VCLK), this register performs the same hinction as CRT Controller Register 

CR0[7:0]). 
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6.7.116 R2Y: Horizontal Blanking Start Shadow Register 

f/OPort Address; 3?S 

Index: This register is accessible only when Extension Register CR2C[5:4] = 10. 



Bit Description Reset State 

7 Horizontai Blanking Start [7] 0 

6 Horizontal Blanking Start [6] 0 

5 Horizontal Blanking Start [5] 0 

4 Horizontal Blanking Start [4] 0 

3 Horizontal Blanking Start [3] 0 

2 Honzontal Blank;ng Start [2] 0 

1 Horizontal Blanking Start [1 ] 0 

0 Horizontal Blanking Start [0] 0 



NOTE: The tn the above register address is '6' in Monochrome Mode and 'D' in Color Mode. 



Bit Description 

7:0 HortzonUI Blanking Start [7:0]: 

When Sequencer Register SRI [3] = 0 (the £>CLX signal is the same signal as 
VCLK), this register performs the same function as CRT Controller Register 

CR2[7:0]. 
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6.7*117 R3Y: Horizontal Blanking End Shadow Register 

I/O Port Address: 3?5 

Index: This mgister is accessible only when Extension Register CR2C[S:4] s 10. 



Bit 


Description 


Reset State 


7 


Reserved 




6 


Reserved 




5 


Reserved 




4 


Honzontat Blanking End [4] 


0 


3 


Horizontal Blanking End [3} 


0 


2 


Horizontal Blanking End [2] 


0 


1 


Horizontal Blanking End (1} 


0 


0 


Honzontal Blanking End (oj 


0 



NOTE: The *?' in the above register address is 3' in Mor>ochrome Mode and '0' in Cok>r Mode. 

BH Description 

7:5 Reserved 

4^0 HorizonUI Blanking End [4:0]: 

When Sequencer Register SRI [3] = 0 (the OCLK signai is the same signal as 
VCLK). this register performs the same function as CRT Controller Register 

CR3[4:0]. 

• These bits are the least-significant five bits of a 6-bit word controlling the 
honzontal blanking end signal. 

• The most-significant brt that controls the horizontal blanking end signal is 
in Extension Register RSYfT]. 
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6.7.118 R4Y: Horizontal Sync Start Shadow Register 

1/0 Port Address: 3?5 

index: This register is accessibie only when Extension Register CR2C[5:4] = 10. 



Bit Deecripllon State 

7 Honzontal Sync Start [7] 0 

6 HonzontaJ Sync Start [6] 0 

5 Honzontal Sync Start (5] 0 

4 HonzontaJ Sync Start (4) 0 

3 Horizontal Sync Start (3] 0 

2 Horizontal Sync Start [2] 0 

1 Horizontal Sync Start [1 ) 0 

0 Horizontal Sync Start (0] 0 



NOTE: The 7* in the above register address is 'B* in MonochronDe Mode and 'D* in Color Mode. 



Bit Description 

7:0 Horizontal Sync Start [7:0]: 

When Sequencer Register SRI [3] = 0 (the DCLX signal is the same signal as 
VCLX), this register performs the same function as CRT Controller Register 

CR4[7:0]. 
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6.7.119 R5Y: HorizonUI Sync End Shadow Register 

I/O Port Address: 3?5 

Index: This register ts acoessibte only when Extension Register CR2C[S:4] s 10. 



Bit 


Deseiiption 


Reset State 


7 


Honzontai Blankjng End [5] 


0 


6 


Resen/ed 




5 


Reserved 




4 


Horizontal Sync End (4] 


0 


.3 


Horizontal Sync End (3] 


0 


2 


Honzontai Sync End [2] 


0 


V 


Horizontal Sync End [1 ] 


0 


0 


Honzontai Sync End [0] 


0 



NOTE: The 7* in the above register address is 'B' in Monochrome Mode and t)' in Color Mode. 



Bit Description 

7 Horizontal Blanking End [5}: 

• This is the most-stgnrficant bit for the stx*btt horizontal blanking end signal. 

• The least-significant five bits of the horizontal blanking er>d signal are in Ex- 
tension Register R3Y[4:0). 

6 Reserved 

4^0 Horizontal Sync End [4:0]: 

When Sequencer Register SRI [3] * 0 (the DCLK signal is the same signal as 
VCLK). this register performs the same functk)n as CRT Controller Register 

CR5I4:0) 



Cirrus Confid^noal 
Business Information 



CL 28785 



EXTENSION REGISTERS 



CL-G07542 (Nordc) Technical Reference Manual 



6J.120 ROZ: Horizontal Total Shadow Register 

I/O Port Address: 3?S 

Index: This register is accessible only when Extension Register CR2Cf5:4] = 11. 



Bit Deecription Reset State 

7 HorizorrtaJ Total [7] 0 

6 Horizontal Total [6] 0 

5 Horizontal Total [5] 0 

4 Horizontal Total [4] 0 

3 Honzontal Total [3] 0 

2 Horizontal Total [2] 0 

1 Horizontal Total (1] 0 

0 Horizontal Total [0] 0 



NOTE: The Tin the above register address is in Monochrome Mode and 'D' in Cotor Mode. 

The RiZ (i = 0,2.3,4,5) Extension Registers are honzontal timing shadow registers. 
(yf{ • These registers are used to automatically control the CRT controller on 640 x 480 

:1tJ and 800 X 600 LCDs, for both low-resoiution and high^resolution applications. 

2^ • These registers contro* LCD timing independent of VGA modes. 

Bit DMcription 

IT,^ 7:0 Horizontal Total [7:0]: 

i ^ When Sequencer Register SRI (3) = 1 (VCLK is divided by 2). this register per- 
il,, fonns the same function as CRT Controller Register CR0[7:0). 
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6.7.121 R2Z: Horizontal Blanking Start Shadow Regittar 

I/O Port Address: 3?5 

Index: This register is accesstbfe only when Extension Register CR2Cf5:4] ell. 



Bit Deacription Reset State 

7 Honzontal Blanking Start fT] 0 

6 Horizontal Blanking Start [6] 0 

5 Horizontal Blanking Start [5] 0 

4 Honzontal Blanking Stan [4] 0 

3 Horizontal Blanking Start [3] 0 

2 Honzontal Blanking Start [2] 0 

1 Horizontal Blanking Start [1] 0 

0 Horizontal Blanking Start [0] 0 



NOTE; The in the above register address is 3' in Monochrome Mode and 'D* in Cok>r Mode. 



Bit Description 

7:0 Horizontal Blanking Start [7:0]: 

When Sequencer Register SRI [3] = 1 (VCLK is divided by 2)» this register per- 
forms the same function as CRT Controller Register CR2r7:0). 
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6.7.122 R3Z: Horizontal Blanking End Shadow Register - 

I/O Port Address: 3?5 

Index: This register Is accessible only when Extension Register CR2C[5:4] = 11. 



Bit 


Description 


Reset State 


7 


Reserved 




6 


Reserved 




5 


Reserved 




4 


Horizontal Blanking End [4] 


0 


3 


Honzontal Blanking End [3] 


0 


2 


Horizontal Blanking End [2] 


0 


1 


Horizontal Blanking End [ 1 j 


0 


0 


Honzontal Blanking End [0] 


0 



NOTE: The *?* in the above register address is in Monochrome Mode and *D' in Color Mode. 

Bit Description ^^^^^ 

7:5 Reserved 

4:0 Honzontal Blanking End [4:0]: 

When Sequencer Regtstser SRI [3] = 1 (VCLK is divkled by 2). these bits per- 
form the same function as CR3[4:0]. 

• These bits are the least-significant five bits of a 6-bit word controlling the 
honzontal blanking end signal. 

• The most-significant sixth bit that controls the honzontal blanking end signal 
IS in register R5ZP]. 
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6.7.123 R42: Horizontal Sync Start Shadow Hegiater 

I/O Port Address: 3?5 

Index: This register is accessible only when Extension Register CR2Cr5:4] = 11 . 



Bit Description Reset State 

7 Horizontal Sync Start [7] 0 

6 Horizontal Sync Start [6] 0 

5 Honzontal Sync Start (5) 0 

4 Honzontal Sync Start [4] 0 

3 Horizontal Sync Start [3] 0 

2 Honzontal Sync Start [2] 0 

1 Honzontal Sync Start [1] 0 

0 Horizontal Sync Start [oj 0 



NOTE: The in the above register address is 3' in Monochrorne Mode and *D' in Color Mode. 



Bit Description 

7:0 HorizonUI Sync Start [7:0}: 

When Sequencer Register SR1[3] = 1 (VCLX is divided by 2), this register per- 
forms the same function as CRT Controller Register CR4r7:0]. 
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6 J.124 RSZ: Horixontal Sync End Shadow Register 

I/O Port Address: 3?5 

Index: This register is accessible only when Extension Register CR2C[5:4] = 11 . 



Bit 


Description 


Reset Stste 


7 


Horizontal Blanking End [5] 


0 


6 


Resented 




5 


Reserved 




4 


Horizontal Sync End [4] 


0 


3 


Honzontal Sync End [3] 


0 


2 


Honzontal Sync End (2) 


0 


1 


Honzontal Sync End (1) 


0 


0 


Horizontal Sync End (Oj 


0 



NOTE: The *7 in the above register address is '8' in Monochrome Mode and 'D* in Color Mode. 



Bit Description 



7 


Horizontal Blanking End [5]: 




• This IS the nnost-significant bit of the six-bit honzontal blanking end signal. 




• The least-significant five bits of the horizontal blanking end signal are in Ex- 




tension Register R3Z(4:0]. 


6 


Reserved 


4.0 


Horizontal Sync End [4:0]: 




When Sequencer Register SRI (3) = 1 (VCLK ts divided by 2). this register per- 




forms the same function as Controller Register CR5(4:0]. 
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7. Electrical Specifications 
7.1 Absolute Maximum Ratings 



Sp«eification 


Maxlmufn Rating 


Ambient temperature while operating (1^) 


0' to 70* C 


Storage temperature 


-65* to 150* 


Voltage on any pin 


Vss -O.SVto Voo+0-5V 


Operating power dissipation 


1.5 Watts 


Power supply voltage 


7.0Vo*ts 


Infection current (latctvup testing) 


100 mA 



NOTES: „ " 

1 ) System oomponems should be operated wrth.n the imits of the_ib«jute fn"^"* "^[SjJL 

nems are mnat ratings at or outside these linuts. the system components may be pemianently damaged. 

2) Fur^uoral operation at or outSKle arty of the conditions indicated in the absolute maximum ratings » not impiied. 

3) Exposure to absolute maamum rating conditions tor extended penods may affect system reUabifity. 



i%6 
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7.2 DC Specifications 

7.2.1 OC Specifications: Digital 

In the table below. VDD = 5.0V ± 0.25V (or Vqd = 3.3V ± 0.3V) and = 0* to 70* unless otherwise 

specified.) 

Table 7-2. DC Digital Specifleations 





Symbol 


Parameter 


MIN 


MAX 


Conditions 


Note 




VoD (5 V) 


j Power Supp*y Vollaga (TTU 


4.75 VWtS 


5.25 VMts 


Normal Operation 






VoD (3.3V) 


9w^t Supp^ Voltage (CMOS) 


3.00 Vdlts 


3.60 Volts 


nfWTTiei upersoDn 








Input Low Voltage (TTL) 


0 Voitt 


O.SVtota 


3.0V<V{30< 5.25V 






V,H 


Input Ht^ Voltage (TTL) 


2.0 Volts 


Voo*5%Voo 
(Vote) 


3.0V<Voo<5X5V 






V,HC 


Input HigT) Vottage (CMOS) 


O.TVoo (Volts) 


Voo*5%Voo 

(Vote) 


3.0V < Vqo < 5^V 






Vn.c 


Input Low Vottage (CMOS) 


-0.5 Volts 


0.3Voo(Vblts) 


3.0V < Vqo < 5^ 




8 i 


Vol 


Output Low Voltage (TTL) 




0.4 Volts 


lot><Ra^toTable7*6.) 


1 


m ! 


VOH 


Output High Voltage fm.) 


2 4 Volts 




loH " (Refer to Table 7-6.) 


2 


l# ■ 


VOHC 


Output Htgh Voltage (CMOS) 


0.9Voo (Volts) 




Iomc«-200mA 






VOLC i 


Output Low Voltage (CMOS) 




0 Woo (Volts) 


iotc « 3.2 mA 






1 


Power Supply Current 




150 mA 


CRT-orty Operalmn 


3 






Power Supply Current j 


1 


100 mA 


LCD-only Operat)on 


3 




'CC3 j 


Power Suppty CunBfrt 




1 0mA 


Har^re-Controtod 
Suspend mode 


3 






Input Low Cun-ent 




-lOuA 


Vm « O.OV 








Input Htgn Current 


1 10uA 


Vw = Voo 






>c: 1 Output LeaKa^e Current | 




lOuA 


0< VouT< Voo 


4 




Cs 1 


inpui Capacitance 


1 10 pF 




5 


Cyst 1 Output Caoacitance 


1 10 pF 




5 



NOTES. 

1 1 Data outputs (D[31.0]) rated at Iql = 12 nr^ at Vq^ = 0 4V, will sink Iql = 24 mA at Vqu ~ 0.5V. 
2: Data outputs (D[31 :0I) rated at Iqh = -S.O mA at Vq^ = 2.4V. will source Iqm = -15 mA at Vqm = 2.0V. 
3 ' These current values occur when Vqo = 3.3V. FPVDCLK s 28 MHz. and MCLK ■ 45 MHz. 
41 Tms current ts a measure of 3*staie output leakage current when in high-impedance (high-Z) mode. 
■ 5 ' Tms caoacrtance is penodically sampled and tested 
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7.Z2 DC SpMffieations: Loading Values 



Pin Numter 




(mA) 


(mA) 


Load 

(PF) 


3 


LOEV# 


— 


20.0 


200 


4 


RDYf 


-3,0 


20.0 


200 


5 


irrm (iwrrviMTRi) 


-3^ 


20.0 


200 


22 


STOPt 


^.0 


8.0 


200 


23 


PAR 


•3.0 


8.0 


200 


43 46 46:51. 53:61, 63:66, 68:72, 74:79, 136:135. 
138:137.139:140 


AD/0 [31:0] 


•3^ 


12.0 


240 


91 


VSYNC 


.12 


12 


50 


93 


HSYNC 


-12 


12 


50 


»4 


MTSOPAL 


-12 


12 


50 


140 133. 131 125. 123:122. 120:114 


FP123:0] 


-12 


12 


50 


95 


CSYNC 


-12 


12 


50 


144 14M34.133.12S.123 




•12 


12 


50 


101 


FCBLANM 


-12 


12 


SO 


102 


FPVEE 


•12 


12 


35 


103 


VCLK 


-12 


12 


240 


106 


FPVCC 


-12 


12 


35 


1 106 


FPOE 


•12 


12 


50 


1 110 


L5S* 


-12 


12 


SO 


1 112 


LLCUC* 


-12 


12 


50 


113 


FPVDCXX 


-12 


12 


SO 


1 115 


OVRW# (FPt11/OVRW») 


-12 


12 


35 


117 


MOD (FPf3] / MOD) 


-3.0 


3.0 


20 


1 123 


SBYSTi 


•6.0 


6.0 


35 


125 


SUSPSTi 


<6.0 


6.0 


35 


146 


TVON 


-12 


12 


50 


148 


PROG 


-6.0 


6.0 


35 


151 161 163 167 166 191.193,196.202.204. 
206 206.1^ 


MD{31:0) 


•12 


12 


50 


169 170 196 194 




•12 


12 


50 


169 170 195 194 




•12 


12 


50 


171 180 


MAj9:01 


•12 


12 


50 


181 


CAS«/WE« 


■12 


12 


50 


162 


0E« 


•12 


12 


50 


164 183 


RAS«ri:0)« 


•12 


12 


SO 



The llCLK and FPVDCLK vaiues depend on me bft setting of Extension Regvier SR2Br7]. 
wr^e*^ trus on = 0 tne vaiites for tnese pins are lOH s -12 mA. lOL « 12 mA. and the load ts 50 pF 
VfVhen trus on = i tne values tor these pins are lOH = •24mA. lOL & 24 mA, and the load rematfis 50 pF 
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7.2.3 DC Specifications: Palette DAC 

In the table below, VDD = 5.0V *. 0.25V (or Voo = 3.3V ± 0.3V) and « 0» to 70» C. unless otherwise 
specified. 



Symbol 


Paranwter 


MIN 


MAX 


Units 


Conditions 


OACVOD (5.0V) 


DAC Sijpply Voltape 


4.75 


5^5 


Vblt» 


Normal Opsmtion 


DACVDD (3.3V) 


DAC Supply Vofta9e 


3.00 


3.80 


Volli 


Nomial Opsration 


i Alow 3 (5.0V) 


Analog Supply Current 






mA 


AVooia « 5-25V 


Aloo2.3(3.3V) 


Anatog Supply Cunvnt 




md 


mA 


AVoow.3,6V 




DAC R«ftrw» Cunvnt 


-3 


•10 


mA 





i 



NOTE: 

1 ) Refer to the detailed pin descriptton in Chapter 2. for information regarding nominal Ir£^ 
7,2.4 DC Spectficatlone: Frequency Synthesizer 

In the table below. Voo = 3.3V ± 0.3V and = 0" to 70* C. unless othenwise specified. 
Table 7-5. Frequency Synthesizer Specifications 



Symbol j Parameter 


MIN 


MAX 


Units 


Conditions 


J^oo j Synthesizer Supper Voltage 


3.00 


3.60 


Volts 




MAioo*VAioD Anatog Stoply CufTBfTt 






mA 


MAVoo-VAVoo««V 
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7.3 DAC Characteristics 

In the taDle below, Vqq = 3.3V ± 0.3V and Ta s 0* to 70* C, unless otherwise specrfied. 
Table 7-6. DAC Characteristics 



S>7nbol 


Parameter 


MIN 


MAX 


Unite 


CoTKSitiona 


Notea 


{ Res 


Rftsotution j 


j 6 


Bits 






'0 


Output Current 




30 


mA 


Vo<1V 




to 


Analog Output Delay 






ns 




Notae1.2.3 




Analog Output Ri»a/Fall T^ne 




B 


ns 




NoteeS. 3,4 


k \ 


Analog ^ftput Settling Time 




15 


ns 




Notes 2, 3, 5 




Analog Output Skew | 


tbd 


ns 




NoteeZ3,6 


FT ! 


Doek and Data Peed-through 




0d 


db 




Notes 2, 3. 6 


DT j 


DAC-t>OAC Correlation 




md 


% 




Notes 6.7 


1 Gi j 


Girtch Imputse 




tbd 


pV/sec. 




Notes 2. 3. 6 


1 CT j 


DAC-to-OAC CroestaAc j { 


tt>d 


db 




Notes 2. 3. 4 



NOTES: 

1 ) to IS measured trom the 50% pornt o\ VCLK to 50% point of full-scale transition. 

2) Load IS 50 ohms and 30 pF per analog output. 

3) Iqgr = to be determined trom measures taken according to the IREF application note 

4) L and I, are measured from 10% to 90% lull-scale. 

5) tj JS measured from 50% of full-scale transmon to output remaining within 2% of final value. 

6) OuDuts loaded identicalty. 
U:: 7| AOoot the mKi'point of the distributoon of the three OACs measured at full-scale output. 

81 IDtf s to be oetcftnined 
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7.4 AC Parameters: Listing 

Table Title Page 

7-7 Bus Cortfiguration: Reset* Timing 374 

7-8 Local Bus: LCLK Ttmmg 375 

7-9 Local Bus: AOS# and LDEVf Tinning , 37S 

7-10 Local Bus: ROY# and Read-Data Timing 377 

7-1 1 Local Bus: RDYRTN* Timing 378 

7-12 Local Bus: Wme Data Timing 379 

7-13 PCI Bus: FRAME*, DEVSEL*. AD[31 :01, AND C/BE*(3:0I (Write) « 380 

7-13 PCI Bus: FRAME*. DEVSEL*. AD[31 :0J. AND GBE#(3:0J (RMd) 380 

7-15 PCI Bus: TROY* Delay Timing , 384 

7-15 PCI Bus: Read-Data / IRDY* Timing 384 

7-15 PCI Bus: STOP* Delay 384 

7-18 PCI Bus: IDSEL Timing ; 387 

7-19 PCI Bus: PAR Timing (Wnte) 388 

7-19 PCI Bus: PAR Timing (Read) 388 

7-21 Display Memory Bus: Read Timing 390 

7-22 Display Memory Bus: Wme Timing 392 

7-23 Display Menrwry Bus: CAS*-Be(ore»RAS* Refresh Timing ....,394 

7-24 Feature Connector Timing wnh Clock and Data Driven Externally 395 

7-25 Feature Connector FCVCLK Input Requirements 396 

7-26 LCD Interface: STN-Monocnrome and Color-Passive LCD Timing 397 

7-27 LCD Interlace: TFT Color LCD Timing 399 

7-28 Frequency Synthesizer Input Timing 401 



information 



CL 28797 



^';l:minan Dau Book 



373 




01-007542 (Nordic) 



XIIRRUS LOGIC 



CUIX SVGA LCD ConxroiUr with /VfVA 



7.4.1 Bus Configuration: R«set Timing 

The timing diagram in this section is for the bus configuration, which taices place during setup. 

Table 7-7 and Figure 7-1 refer to Information from the SWO, SW1, and SW2 pins, which are read by 
SR24(2:0] and used by the memory data lines to configure the CL-GD7542. 



Table 7-7. Bus Configuration: Reset# Timing 



Symbol 


Parameter 


Mm 


MAX 




Reset Pulse Width 


12t 






Memory Data Setup time to Reset nsing edge 


2rm 






Memory Data Hold time from Reset nsing edge 








Reset High to first I/O Read/Wrrte Command 


121 





Note: r s the penod for MCLX. a dock that ts intemai to the CL^07542. 



(Signal Origin) / Signal 



(Systam) RESETi 



y 



(7542)^ 



MOOr7:0]. 
^MO1[7:0I. 

MD3|7:0] 



High-2 



CIZ> 



t4 



(CPU) lowna' 




1 Si9nai rvrn* dip«fids on th* bus imvftaea mot 1« bwng ta«d. 



Rgure7*1. Bus Configuration: Resett Timing 
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7.4.2 Local Bus: Timing Diagrams 

The timing diagrams in this section apply to the '486 local bus and. VESA local bus (the VL bus) inter- 
faces to the CL-GD7542. 

Table Local Bus: LCLK Timing 



Symbol 


Perimeter 


CLK1X 


MIN 


MAX 


t, I Rise Time 


O.Sns 


4.0n$ 


'2 


Fall Time 


0.5ns 


4.0ns 


h 


Posrtrve High Pulse Width 


40% 


60% t5 


1 w 


Negative Low Puise Width 


40% t5 


60% ts 




Penod 


30ns 


To be determined 



Note; r s the penod lor MCLK. a dock that is internal to the CL-GD7542. 



(SJgnat Ongin) / Signal 



(tocai But) LCLK 




Figure 7-2. Local Bus: LCLK Timing 
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Tabl«7-9. Local Bus: AOS« and LOEV« Timing 



Symbol 


PvafMt«r 


MIN 


MAX 


ti 


Addross. Status. AOS* S«tup to LCLK 


5ns 




t2 


LDEV* Low 0«iay from Address, Status {20-pF loading) 




15ns 


t3 


LDEV« High May from Address. Status 




18ns 



Note; r IS tne penod tor MCUC' a dock thai « internal to the CL-OD7542. 



(Signal Origin) / Signal 
(Systam) LCLK 

(Local Bus) AOS* 



(LocaJ Bus) A(23:2], 
Status 




f7S42) LOEVS 



X 



X 



Figure 7-3. Local Bus: AOS# and LOEVt Timing 
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Table 7-10. Local Buc: ROY* and Raad-DaU Timing 



Symbol 


PsrsfTMtsr 


urn 


MAX 


ti 


ROY« Low May from LCLX 


0 


12ns 




RDY« High Deiay from LCLK 


0 


12ns 


h 


ROY« High Pulse Width before High*Z 


1/2 LCLK 






Reed Date Setup to ROY« Low 


One 






Reed Data Hold from RDYRTN# High 


12ns 


To be detemvned 



Note: r tt the penod tor MCLK. a dodc that « fniemal to the CL-G07542. 




Figure 7-4. Local Bus: RDY# and Read*Data Timing 
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Table 7-11. Local Bus: ROYRTN« Timing 



Symbol 


ParamtT 


MSN 


MAX 




RDYRTNt Setup time to LCLK 


5ns 






RDYRTN# Hoid time from LCLK 


2ns 





Note; r IS me penod tor MCLK. a dock that ts internal to the CL-G07S42. 



{Signal OrtgJn) / Signal 



(System) LCLK 



(System) RDYRTW 




Rgure 7*-5. Local Bus: RDYRTNf Timing 
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T«W« 7-12. Local Bu«: Write D«t« Timing 



Symbol 


PannMt«r 


im 


MAX 


ti 


Data Setup time to LCLX 


7na 




»2 


Data Hofd time from LCLX 


2na 
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7.4.3 PCI Bus: Timing Diagrams 

The timing diagrams in this section apply to a PCI bus interface to the CL-G07542. 
Table 7-13. PCI Bus: FRAMEf, DEVSELi* A0[31:0], and C/BE#(3:0] Timing (Write) 



Symbol 


Pusmstsr 


MM 


MAX 


U 


FRAME* Smp to CLK 


7m 






A0[31 :0] (AddrsM) Satup to CIX 


7m 






A0(31 :0I (Addrasi) Hold from CLK 


Ona 




U 


AD[31 :0] (Data) Sati^ to CLX (Writs) 


7m 




ts 


A0(31 :0] (Data) HoM from CLX (Wrila) 


Ona 




te 


CmE*(3:0| (Bus CMO) Satup to CLK 


7n8 




h 


C;;BE«(31:0] (But CMO) Hold from CLK 


Ona 






QBE«[3:0J (Byta Enabia) Sati^ to CLK 


7m 






OEVSELf Detay from CLK 


Ona 


11 


Uo 1 OEVSEL* High beiors H(-Z 


1 CLK 
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mi 



O 



(Signal Origin) / Stgn«l 



(PCI) CLK1X . 
(PC()FHAME# JtL 




(PCI) ADt31:0] ^ <ADOW£SS ) 



Ht-Z 



(PCI) O3E#[3:01 
(7542) DEVSEL# 



BUS CMO ^ 



f7542)'mDY# JtL 



hO-Z « High imi 



c 



DATA 



X 



DATA 



<: 



BYTE ENABLES 



it 



> 



> 



Figure 7-7, PCI Bus: FRAME#. DEVSELf. AD[31:0], and aBE#t3:0] "nming (Write) 



Ht.Z 



Hl-Z 



M-Z 



^4 
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Table 7-14. Pa Bus: FRAMEf, OEVSEL«. AD[31:0], and C/BE«[3:0} Timing (Rnd) 



SymM 


Paranwltr 


MM 


MAX 


U 


rnAMCw 9#njp ID 










7m 

f »• 




tt 


A0(31:01 (Adi^Mi) Hold from CLK 


Otm 




u 


A0(31 :0]. C/BE#(3:0] Hl-Z from CLK (Read) 


One 


28ns 


^ 


C/BE#(3:0] (Bus CMO) Setup to CLK 


7ne 






C/BEi(31:0| (But CMO) Ho4d from CLK 


Ona 




h 


C/B£#(3:0) (Byto EnaM) SMp to CLK 


7na 




> 


OEVSEL0 Delay from CU 


om 


11 




DEVSEL* Higf) Oefore Ht-Z 


1 CLK 




ho 


Oau Delay from CLK (Read) 


2ne 


Una 




Dau Hold from CLK (Read) 




To be deteiiiiiied 
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(Signal Origin) / Signal 




(7542)TT?DY# JiS 

Hl-Z ■ Mgh Impadane* 



Figure 7-^. PCI Bus: FRAME#, DEVSELt. AD[31:0]. and C/BE#[3:0] Timing (Read) 
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Tab)* 7-15. PCI Bu«: TRDY# Delay Timing 



Symbol 


PrntrnXmr 


MM 


MAX 




TRDY# Low Delay from CLK 


One 


ISns 




TRDY# High Delay from CLK 


0ns 


15ns 




TROY# High pulse before HI-2 


1 CLK 





(Signal Origin) / Signal 
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Table 7-16. PCI Bus: Read Data / IRDY« Timing 



Symbol 


ParwMttr 


MIN 


MAX 




iROY« S«tup to CLK 


7ns 




<2 


IROY# Hold from CLK 


Ons 





(Signal Origin) / Signsl 



(pcr) CUC1X 



(PCf) moY# 



M-Z ■ Ht^ femp«dane« 




Figure 7-10. PCI Bus: Read DaU / IRDY« Timing 
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Table 7-17. PCI Bus: STOP* May Timing 



Symbol 






MAX 




STOP# Low Oetay from CLK 


2ns 


11ns 


h 


STOP« High Delay from CLK 


2ns 


11ns 




STOPi High putse before HUZ 


1 CLK 





(Signal Origin) / SIgnst 



(PCI) CLK1X 



(7542) STOPS Hl-Z 



Hl-Z • High impadane* 



Rgure 7-11. PCI Bus: STOP# Delay Timing 
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Table 7-18. PCI Bus: IDSEL Timing 






Symbol 


Parim«t«r 


MIN 


MAX 


ti 


IDSEL S«tup to CLK 


7n8 




»2 


lOSEL Hold 


0ns 
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Mi 
If 



M-Z 



(Signal Origin) / Signal 



(PCO CLK1X 



(PO) FRAME* 



(PCO IDSEL 



(PCI) AD 




Hl-Z 



Conflgurvbon Atfdrwa 



CFG 
vAOOP 



< 



DATA 



fPCO CaEi[3:01 



H(-Z > High lfTio«dsrKt 



ConflgursOof) 
CfGRO 



BrTE ENABLE 



ra-z 



Figure 7-12. PCI Bus: IDSEL Timing 
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Tabie 7-19. PCI Bus: PAR Timing (Writ*) 



Symbol 


PanimMr 


MIN 


MAX 




Address PAR Setup horn CLK (Input to CL-G07542) 


7rt8 






Address PAR Hokj from CLK (Input to CL-GD7542) 


0ns 




h 


Data PAR Setup from CLK (Input to CL-GD7S42) 


7ns 




u 


Data PAR Hold from CLK (Input to CL-GD7542) 


Ons 





m 

1*4. 



HI H 



(SignaJ Origin) / Signal 
(PCr) CLK1X 



(PCI) FRAMEt 



H(-Z 



(PCOAD J±L 



PCn'C/BE»(3:0] 



Ml-Z 



(PCI) PAR 



BUS CWOX ENABLE 



> 



Hi-Z • Hign tmp«danct 



KAOOHeSSX X DATA A»\ 

AHOCMO > C SYTE EWASLE J 



Hl-Z 



Hl-Z 



Figure 7-13. PCI Bus: PAR Timing (Write) 
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Tabl« 7*20. PCI Bus: PAR Timing (RMd) 



Symbol 


Parsm«t«r 


MIN 


MAX 


ti 


PAR Setup from CLX (Input to CL-G07542) 


7ni 






PAR Hold from CLK (Input to CL-GD7542) 


0ns 






PAR Delay from CLK (Output to CL-G07542) 


2ns 


11ns 




PAR cm Oeiay from CLK (Output to CL-G07542) 




28ns 



(Signal Oflgin) / Signal 
(PCf)CUC1X 




(PCf)FAAME* 



(PCf)AO JtL 



(PO and 7S42) PAR 



Hl-Z 



»M > High tonpvdanet pci 



*t3* 



-euau 



7542 



HWZ 



W-Z 



Figure 7-14. PCI Bus: PAR Timing (Read) 
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7.4.4 Display Mtmory Bus: Timing Diagrams 

The tming diagrams In this section appiy to the CL-G07542 bus inteifam to the dispiay memory. 
Table 7-21. Display Memory Bus: Read Timing (f = MCLK) 



Symbol 




MIN 


MAX 




Address Setup to RASt Low 


1.5t-9ns 


- 




Address Setup to CAS# Low 


rot -3ns 


- 




RAS# Low to CAS# Low Oeiay (Standard RAS«) 


2.5t • 73n6 






RAS# Low to CAS« Low Detay (Extended RAS#) 


3.0t 






Row Address Hold from RAS# Low 


1.5t«5ns 


- 




Column Address Hold frooi CAS# Low 


1.0t 




W 1 


Dau Vaitd from RAS« Low (Standard RAS«) 




4.0t -ins 


t* 1 


Data Valid from RAS# Low (Extended RAS«) 




4.5t -ins 


i t7 


Data Valid trom CAS# Low 


— 


I.Ot-^ 3ns 


i «B ! 


Data Valid from Column Address Valid 


• 


2t 




RAS# Precharge (RASt Poise Width High) (Std. RASt) 


2.5t ^ 4.5ns 




• h \ 


RAS# Precharge (RAS# Pulse Width High) (Ext. RASt) 


3.0t- 1.5ns 


- 


■ 'lO 1 


Read Cyc^ Time (Standard RASt) 


6.0t 




1,0 ! 


Read Cyde Time (Extended RASt) 


7.0t 




tn i 


Read Comnr\and Hold from CASt High 


0.5t - 7,5ns 


0.5t - 5ns 


1,2 


CAS# Precr\arge (CAS# Pulse Widtri High) 


1.0t-6ns 


I.Ot - 3ns 


',3 ; 


RAS# Pulse Width Low (Standard RASt) 


3.5t - 8.5ns 




RAS# Pulse Width Low (Page-MoOe) 




32^5 




CAS« Pulse Width Low 


1 .01 + 3ns 


32^5 




Reac Data Hold from CAS# High 


10ns 




'2." 


CAS« Cvcte Time 


2.0t 




hi 


Reac Data Moid trom 0E« High | 


lOn: 1 





'-1^01 



M 



P 
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(Signal Origin) / Signal 



(7542) RAS«(1:0] 



(7542) CAS«t3:0} 



(7542) UA{9:0]- 



(7542) WE* 



(7542) OEf 



(7542)MO[31:0] 



•111 



•t,o- 



■t,3- 



tl4 ■ « tn— I 




-lis 



<=J — C_> 




Figure 7-15. Display Memory Bus: Read Timing 
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Ttble 7-22. Display Memory Bus: Write Timing (t* s MCLK)' 






Symbol 


Parameter 


MIN 


IIAX 


t, 


Address Setup to RAS# Low 


1.5! - mts 




u 


Address Setup to CAS# Low 


1 .51 • 3n» 






RAS# Low to CAS« Low Deiay (Standard RAS) 


2.5t • 7.5f^S 




u 


RAS# Low to CAS# Low Deiay (Extended RAS) 


J.Ui 






Row Address Hold from RAS# Low 


1 .51 • one 






Column Address Hold from CAS# Low 


11 






RAS# Precharge {RAS# Pulse Width High) (Sid. RAS) 


2^ * 4.5ns 




u 


RAS# Precharge (RAS# Pulse Width High) (Ext. RAS) 


3.0t • 1 .5ns 




t7 

' t 


Wme Cycle Time (Standard RAS#) 


o.ut 






Wnte Cyde Time (Extended RAS#) 


7.0t 




tg 


CAS# Precharge (CAS# Pulse Width High) 


1 .Ot - Sns 




111 


CASt Cycle Time 


2.0t 






CAS# Pulse Width Low 


1 .ot 3ns 


32^s 




RA&« Pulse Width Low (Standard RAS«) 


3 5t - 8 Sns 






RAS# Pulse Width Low (Page Mode) 




32^s 




WE« Low Setup to CAS* Low 


1.0t-0.5ns 




'15 


WE# Low Hold to CAS« Low 


1 .5t • 2ns 






WE# Low Puise Width 


2.5t • 2ns 




.„ ! 


Wme Data Setup to CAS# Low 


1 .01 * 0.5ns 




'-8 ! 


Wme Data Hold from CAS# Low 


1.0t-8ns 





a The memory i menace specifications are valid from 0* to 70* C at operating voftages of 3.3 votts ± 0.3 volts and 

5 vons 1 0 5 vofts 
: " = MCLA penoc an imemai ciock. 
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(SigMi Origin) /Signal 



(7542) RAS«[1:0] 



(7542) CAS«[3:0] 



(7542) MA(9:0] 



(7542) WEf 



r 



(7542) M0[31:0] 




Figure Display Memory Bus: Write Timing 
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TabI* 7-23. Display Memory But: CAS»«BgforeRASi Refr— h nming* 



Symbol 


Param«t«r 


MIN 


MAX 


Unite 


h 


CAS# Low Setup time to RAS# Activel 


1 




t^ 




RAS# Low Pulse Width 


4 




t*> 




RAS# High Pulse Width 


3 




t^ 




CAS# Hoid tjme for Refresh 


1.5 




t** 


h 


Refresh Cyde Penod 


7 




t* 


k 


CAS« Pulse Width High (Precharge ttme) 


2 




t* 




RAS# High to CAS# Low (Precharge time) 


1 







a. There wilt be either three or five RAS« pulses while OAS* remains Low. 

b. t IS the MCLK penod, an intenrtal clock. 

(Signal Ohgin) / Signal 



r— •!• '3 



'■^ (7542)HAS#11 



(7542) CAS#[3:0] 



1^ 




Figure 7-17. Display Memory Bus: CAS#-Before-RAS# Refresh Timing 
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7.4.5 Faaturv Coniwcton Timing Diagrams 

The timing diagrams in this section apply to the CL-GD7542 interface to the Feature Connector (FC). 



Table 7-24. Feature Connector Timing with Clocic and Data Drhren Extemaily 



Symbol 


Parim«ter 


MIN 


MAX 




FCP[7:0) Setup to FCVCLK 


6ns 






FCPTTrO) How from FCVCLK 


6ns 





(Signsi Origin) /SignsJ 
(7542) FCVCLK 



/ — 



(7542) FCFt7:0) 




Figure 7-18. Feature Connector Timing with Clock end Data Driven Externally 
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Table 7-2S. FMture Connector FCVCLK Input Timing Requirementt 



Symbol 




MIN 


MAX 




Rise Time (FCVCLK) 




3ns 


h 


Fan Time (FCVCUQ 




3n8 


<3 


High Penod (FCVCLK) 


40%0f ts 


60%ort5 


t4 


LOW Penod (FCVCLK) 


40%0ft5 


60%oft$ 


»5 


Penod (FCVCLK) 


26ns 





(Signet Origin) / Signal 



(7542) FCVCLX 



X 



Figure 7-19. Feature Connector: FCVCLK Input Timing Requirements 
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7.4.6 LCD Inttrfae*: Timing Diagrams 

The timing diagrams in this 99t6or\ appiy to the CL.QD7542 intaffsce to LCD flat panels. 



Table 7-26. LCD Interface: Timing for STN Monochreme and Cdor-PassiveLCD* 



Synv 
bol 


Parameter 


M20M 


M2SS-6 


C800-16 


C80CV4 


C8SS»16 


11200- 
16 


C8S&* 


Mono. 


Mono. 


Color 


Color 


Color 


... 

wono* 
Hl-Aos. 


Color 


ti 


FPVOCLKpanod 


4t 


8t 


2.U 


t 


51 


ft 


5( 


»2 


FPVDCtX hightrw 


2t-6ns 


41 -ens 


t-6na 


0.5t-6na 


2t-6na 


4t-6ns 


t-6ns 


t3 


FPVDCLKlow ome 


2t * 6ns 


41* 6ns 


t-6ns 


0.51 -6na 


2t-6nB 


4t*6ns 


4t-6na 


u 


FPVDCLKnaaandfaJt 
tvna (maximum) 


6ns 


6ns 


6ns 


6ns 


6ns 


Sna 


6na 


h 


Data setup time 


21- 10ns 


4t- 10ns 


t*6ns 


0.5t«6ne 


2t-lCna 


4t-10na 


t- I0na 




Dau hoM tvne 


2t- 10ns 


4t- 10ns 


t*6ns 


0.51 -6na 


2t-10na 


4t-10na 


t- ions 




FPVDClX»Owto 
LLCLXtow 


4t* 10ns 


81 -10ns 


t-6n8 


2t*10na 


4I-I0na 


n-l0na 


2t- lOiw 


Ift ! FPVDCLK »ow from 
1 LLCLKIOMT 


4t- 10ns 


8t- 10ns 


t- 6ns 


2t- lOns 


4t- lOna 


ft- 10ns 


2t- 10ns 


1 LLCIX hi^ dme 


3t*6n$ 


t-6ns 


3t-6ns 


31 * 6ns 


3l*6ns 


t-6ns 


3t -ens 


iio i LPS hign Mtup to 
1 LLCLK k)w (typcal) 


21 


t 


21 


. 2t 


2t 


1 


2t 


til j LPS high r»W tima !o 
1 LLCLX low (typol) 


2t 


2t 


2! 


2! 


2t 


2t 


2t 




MOO daiay trwn FPVD- 
CLX high (masmum) 


300ns 


300ns 


300m 


300ns 


300ns 


300ns 


300ns 



Hi 



a Values ar« MINIMUM unless othefwtse soecrfied 
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(Signal Origin) / Signal 




Figure 7*20. LCD Interface: Timing for STN Monochrome and Color-Passive LCD 
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Tibie 7^27. LCD Interface: Timing for TFT Color LCD 



Symbol 


Piramettr 


TFT: 

C512SS / C4KSS / C25eKSS / CieilSS / C64SSI 


Minimum 


Maximum 




FPVDCLK penod 


ti 




1 to 

1 * 


FFVOCLK high pulse width 


.5t-6n8 






FPVDCLK low putee width 


.5t - 6ns 






FPVDCLK rtM and fait time 




10ns 




Data setup time 


^•6ns 






Data hold time 


.5t - 6ns 




t7 


FPHSYNC setup to FPVDCLK 


25t 




tg 


FPHSYNC hold to FPVDCLK 


^5t 






FPVSYNC setup to FPHSYNC 


1,5«i 






FPVSYNC hold to FPHSYNC 


1ti 






FPDE setup to FPVDCLK 


2SX 




1 «12 


FPDE ho*d to FPVDCU 


25t 






VerticaJ front porch 


0 lines 


30 lines 




Vemcal back porch , 


1 ^ne 


31 ynes 




HonzontaJ hont porch 


0ns 


96ti 


he 


HonzontaJ back porch 




i2eti 


1,7 1 I^PHSYNC wj<jm 


32t, 


128ti 


tig ; PPVSYNCwtdth 


2 lines 


2 lines 
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(Signal Origin) / Signal 



(7542) FPVDCUK 



(7542) PIXEL 
DATA 



(7542) FPDE 




^1 



TFT Una Timing 



rSignai Ongin) / Signal 



(7542) FPVSYNC \ f 



13' 



rr542) FPOE 



TFT Frame Timing 



Figure 7-21. LCD Interface: Timing for 5ingle>Scan TFT Color LCD 
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TAJ Frequency SynthMizer Input Timing Diagrams 

The timing diagram in this section applies to the inputs to the frequancy synthesizer. 

Table 7--28. Frequency Synthesizer: Input Timing 



Symbol 


Parameter 


3JV 


5.0V 


MIN 


MAX 


MIN 


MAX 




tnput Dock Rise Tfne 


1 ns 


706 


1 ns 


7ns 


h 


Input Dock P$M Twrm 


1 ns 


7ns 


1 ns 


7ns 


h 


input Ctodc tow Psnod 


tcucp/2- I0%ts 




tcu(P*10%ts 


tcLKP*^ lO^ts 


li 


input Clock High Penod 


tCUCP'S- 10%l5 




tCUCP*lO%t5 


laKP*10%^ 


ts 


Input Dock Prequoncy/Penod 


69.84 ns -0.1% 


69.84 ns 4. 0.1% 


69.84 ns -0.1% 


69.84 rw^i. 0.1% 


Vim 


Input High Voltage 


2.0 volts 


Vce 


2.0VOIIS 


Vcc 




input tow Voltage 


QNO 


0.5 vote 


GND 


0.8 volts 




Cirrus Conndcnoat 
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8. Package Dimensions 



OJMUAX 



lB8flB9flBBIBBBgliHflBB aBBaBIB8BflmiBBflllflBaflflflllflBfllliailillll 



3005 um 

30^ MAX 



BSC! 



Pin 1 mdteator 



0 



0 09 UIN 
0^ MAX 



CL-GD7542 

208-Pin PQFP 



2SJ0TYF 



37.90 UIN . 
28.10 MAX 



▲ A 

' 4.0t'MAX 



NOTES: ^ ) AJi unrts are in millimeters uniess otnerwise noted 
2) BSC s Basic dimension 



27.MI 



I^REF 

0.40 MIN 
0.7SMAX 



X17MIN o-MIN 
a J7 MAX r MAX 
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9. Ordering Information 

9.1 Package Marking Numbering Guide 



Cirrus Logic, Inc. 

Graphics Display -J 
Part Number 



CL - GD7542 - 85 QC - A 

T 1 



Revision^ 



Data Rate: ^ 
65-MHz Maximum Video Clock 



*— Temperature Range: 
C« Commercial 

Package Type: 

Q * Plastic Quad Rat Pack 



^ Contact Cirrus Logic* tr)c, for up-to-date information on revisions. 
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A1. BitBLT Engine 
A1.1 Introduction 

BitBLT (Bit Block Transfer) is an operation in which one area (source area) of display memory or 
system memory is copied to another area (destination area) of display memory or system memory. 

The CL-GD7542'8 BitBLT engine can not oniy move bytes from the source area to the destination 
area but also perfonn 1 6 logical raster operations to combine the source bytes wfth the destnation 
bytes. In addition, it can expand a monochrome image into a color image and replicate a single 8- 
pixel-by-8-pixel pattern to fill a large area. These operations are done with minimum CPU inter- 
vention. 

A1.2 Definitions 
Source Area: 

The source area of a BitBLT is the area from which the data are copied. The source area has the 
following charactenstics: 

• located either in display memory or system memory depending on its address. 

• may be a monochrome image which is expanded into a color image. 

• may be a single 8-pixe}-by-8-pixel pattern that is replicated to fill a larger area. 

The source area is never written into except in special cases where the source area and the des- 
tination area overlap in display memory. 

Destination Area: 

The destination area of a BitBLT ts the area into which the data are written. The destination area 
may be in display or system memory. 

Width: 

The width of a BitBLT refers to the number of bytes (not pixels) of destination that are processed 
before adding the prtch values to the address values. Refer to Figure A1-1. 

• When the destination area is on the active display screen (that is. when it is a rastenzed area 
that IS displayed), the width ts the number of bytes (not necessarity pixels) tn each scanline. 

• When the destination area ts off-screen (or in system memory) and ttie source is a rastenzed 
area and there is no pattern copy or color expansion, the width ts the numtjer of bytes per 
scanline of the source. 

• When neither the destination nor source ts a rastenzed area, width is simply the number of 
bytes that are processed before the pitch values are added to the address values, and has no 
special meaning 
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Width is specified In the register pair GR20/GR21 . The number written into this register pair is one 
less than the actual desired width. This value is 1 1 bits, allowing a maximum width of 2048 bytes. 



The height of a BItBLT refers to the number of times the pitch values are added to the address 
values. Refer to Figure Al-1 . 

• When the destination area, source area, or both are on the screen, (that is, when either is a 
rastenzed area that is displayed), the height is the number of scanlines in that area. 

• When both areas are off-screen, height is simpiy the number of times the pitch vaiues are add- 
ed to the address values, and rt has no speciaJ meaning. In thi» case, width and height are 
simply two numbers that are multiplied together to define the number of bytes in the destina- 
ton. 

Height is specified in the register pair GR22/QR23. This value is 10 bets, allowing a maximum 
height of 1024 scanlines. The number wntten into the register pair is one less than the actual de- 
sired height The contents of the registers containing.the height are not modified during the oper- 
ation. 



Height: 




WIDTH 



HEXSKT 



DESTINATION 
or SOURCE 
AREA 




SCREEN 



DISPLAY MEMORY 



Figure Al-1. Width and Height 
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Pttch: 

The destination pitch and source pitch are the values that m added to the respective addresses 
after the bytes of each scanline in a destination area have been processed. For the case of a ras- 
tenzed image, refer to Figure A1 -2. The destination pitch and the source pitch are specified sep- 
arately. 

• When an area ts a rastenzed image, the respective pitch is the number of bytes between ver- 
tjcally adjacent pixels. This number is the number of bytes between the (first) pixels of scanline 
'n' and scanline *n^r , that is, the number that is added to the address to get from one scanline 
to the next 

• When an area Is off-screen display memory, the scanlines are often stored in contiguous lo- 
cations, which minimizes fragmentation. In this case, the respective pitch would be set equal 
to (width +1). 

• When an area is in system memory, the respective pitch is unused and is a 'donl care'. 

When executing BLTs with pattern copy or color expansion, the source area is assumed to be lin- 
ear, and the source pitch is a 'don't care*. 

• The source pitch is specified in register pair QR26/GR27. 

• The destination pitch is specified in register pair GR24/GR25. 

For the CL-GD7542. both register pairs are 12-bit values, allowing a pitch of 4095 bytes. 



DESTMATIONor 
SOURCE AREA 



PfTCH 



START 




Figure A1-2. Pitch and SUrt 
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Start: 



Start refers to the address of the first byte of a destination or source area, which is a byte offset 
from the beginning of display memory. Refer to Rgura A1-2. 

• The destination area start address is spedfied in register triplet GR28 / GR29 / GR2A. 

• The source area Stan address is specified in register tnplet GR2C/GR20/QR2E. 

Each start address is a 21*blt value, allowing up to 2 Mbytes of display memory. The desttnation- 
stan address is shown in Figure A1-2. 
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A1.3 Example of Display-Memory*To*Oispiay-Memory BftBLT 

Table AM shows how the BLT registers must t>e programmed for a very simple BLT operation of 
copying a 128-byte x 64-scanline area into display memory. In this example, the CL-G07542 is 
assumed to be programmed in video mode 65 (800 x 600, 16*brts per pixel). Therefore, each 1 28- 
byte scanline represents 64 pixels. The source area of tNs operation begins at location 0. The des- 
tination area begins at location 160200 (100 scanlines from the top of the screen, 100 pixels from 
the left edge). 



Table A1~1. Register Programming for Source Copy BftBLT Operation 



Rsglstarts) 


Contents 


rieio 


How Caleuteted 


GR0/QR10 


Oonicare 


Background ooior 




GRI /GRU 


Donlcart 


ForegrMind ooksf 




GR20/GR21 


127 (d6amal) 


Width 


{64x2)-1 


GR22/GR23 


63<<laoma/) 


Height 


64- V 


GR24/GR25 


I600(d6cml) 


Desdnction Pitch 


800x2 


GR26/GR27 


l600(d»cimaJ) 


Source Pitch 


800x2 


GR28/GR29/GR2A 


160200 (dacamei) 


Oestvietion Stwl 


(100x1600) ♦(100x2) 


GR2C/GR20/GR2E 


0 (OMmaf) 


Source Stan 


Degsvwig ot dsptay fnerrtory 


GR30 


00 (hex) 


BLT Mode 


Display to daplay 
No ooior e39ans»n 
No pattern copy 


GR31 j 


02 (hex) 


Start /Status 


SetMl to 1 


GR32 1 


O0(h6x) 


Raster Operation [ 


Source Copy 



This BLT IS executed as indicated in the following fragment of pseud>code: 

sourceAdrs = sourceScartAdrs ; 
des tAdrs = destStartAdrs ; 

fcr (1 = 0; 1 < Height; i^*) /'for each scanlineV 

{ 

workmgSourceAdrs = sourceAdrs 
workingDescAdrs = destAdrs 

toi-i: cO; : < Width; 3*^} /-for each byte*/ 

{ 

Process one byte of Destination ; 
workmgDestAdrs** ; /•to next byte*/ 

workmgSourceAdrs** ; 

sc-rceAdrs = sourceAdrs * sourcePitch; /*next scanline*/ 
destAdrs = destAdrs * destPitch; 
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The BLT engine processes the bytes of a scanline rn a destination area, incrementing temporary 
source and destination addresses after each Pyte. Multiple bytes are processed in parailel. At the 
end of each scanline. the respective pitch values are added to tf^e addresses as they were at the 
beginning of the scanline, moving on to the next scanline. This operation is iterated for the "heighf 
number of times. 

All BitBLTs are processed in this general manner. However, some variations include the following: 

• For color expansion, the source address is incremented as a bit address rather than a byte 
address. 

• For pattem copies, the source address Is incremented until the end of the pattern and is re- 
turned to the the source start address, so that the pattem is used over and over. 

• When the decrement bit is set. the address Is decremented rather than incremented. 
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A1 A Raster Operations (ROPS) 

in addition to rroving bytes from the source area to the desdnation area, the CL-GD7542*s BitBLT 
engine can use various logical raster operations to oombtne the source or pattern bytes with the 
destination bytes. Further, bytes in either the source area or the destination area, or both, can be 
ignored. 

Table A1 -2 enumerates the 1 6 ways in which the source brt (or the pattern btt) and the destination 
bit can be logically combined. The same value tor GR32 is used regardless of whether the oper- 
ation uses Source or Pattern. 

The CL-GD7542's BitBLT engine directly implements all 16 ways of logicaily combining two oper- 
ands as shown in Table Al-2. Combinations of three operands can be synthesized from these in 
the unusual cases where this is necessary. 



TaMe Logical Combinations of Bits Using the BttBLT Engine 



Opwttoo 


RMMf Opflfvtton 


Opntlon 




0902 
(MM) 


0 


BLACKNESS 
00000042 


U 


tti Admccfi 




--S.-P 


NOTSnCe RASc 
0C110OA6 


D C 






-S.O 


00220326 


-P.D 




90 


-s 


NOTSRCCOPY 


-p 


000FOOO1 


00 


s.-o 


SACEAASE 
00440328 


P.-O 




OS 


-D 


OSTINVERT 
00950009 


-D 


DSTWVERT 


oe 


5-«0 


SRCtNVERT 
00660046 


P— 0 


PATINVERT 


59 


-S*-0 


007700E6 


-p4-0 


OOSfOOES 


DA 


S.O 

1 


SRCAND 


P.O 


00A000C9 


05 


i s-o 


00990066 


P«0 


00AS0065 


99 


t D 

t 


0QAA0Q29 


0 




06 




MERGEPAJNTT 
00680226 


-P*0 


0OAFQ229 


06 


1 5 

1 


SRCCOPY 
0OCCOO20 


s 


PATCOPY 
00P00Q21 


00 




0000022B 


P—0 


00F5G225 


AO 




SRCPAINT 
OOEE0086 


P*D 


00fA0069 


60 


1 


WHCTENESS 
00FF0062 


1 


WHrrENESS 
0OPFO062 


OE 
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Color Expansion 

When GR30[7] is 1. the source input to the ROPS is not actual data from the source area, but ts 
color-expanded iaiB, The source area is a monochrome image. Since the source image is a single 
bit per pixel, substantiaJ performance benefits are possible, especially wtien the source is being 
expanded to 16 bits. Color expansion can be used any time a single foreground color, or a single 
foreground color and a single background color, are to appear in the destination. 

The CL-GD7542 supports color expansion for 8-bit-per-pixel and 16-blt-per-pixel modes. The 
source can be monochrome data from either display memory or system memory. When the source 
ts in display memory, rt must be located on a four-byte boundary. When the source is an 8 x 8 
pattern, it must be on an eight-byte boundary. 

• A 1 In the source area results in the foreground color t)eing written into the corresponding 
byt6(s) of the destination area. 

• A 0 in the source area results in either the background color being written into the correspond- 
ing byte(s) of the destination area, or no alteration to the destination area (transparency). 

For color expansion, the destination must be in the display memory that is displayed and the di- 
rection must be increment. Any POP may be used, although SRCCOPY is most common when 
using color expansion. 

The most-significant bit of the first source byte is expanded into the ROP source data for the first 
pixel of the destination. Depending on the contents of GR30(4). it is expanded to one or two bytes. 
Table A1-3 indicates the registers that contain the expansion colors. 

Table A1*3. Color Expansion Registers 



1 

1 

GR30[4] 


Widtti 


Background Ezpanaion 
(0 in Source Area) 


Foreground Expansion 
(1 in Source Area) 


GRO 


GR10 


GR1 


GR11 


0 


8-brt 


Color 


Don't car« 


Cotor 


Oonlcaie 


1 1 16-5(1 


Lorn byte 


High 6yte 


Low byte 


High byte 



The next bit ol source data is processed for the next one or two bytes of destination, and so on. 
until tne Dytes of tne scanline in the destination area have been processed. Unused source bits 
are discarded 

The destination address is modified by the destination pitch. The source pitch is ignored since the 
source (S taken to be a linear string of bytes The next byte of source is the first eight pixels for the 

next scanitne 
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A1.6 Color Expansion With Transparency 

When GR30{3] is 1 . transparency companson is enabled. Results of a ROP are compared to the 
contents of the Transparent Color Registers (GR34 / 35) for each pixel. When the results are com- 
pared in all W positions for which the Transparent Compare Mask Registers (GR38/39) are 0. the- 
results are nof written to display memory. In 8 bits/pixel modes (QR30[4] « 0), registers GR34 and 
GR35 must tie programmed identically, as must GR38 and QR39. 

When color expansion is used with an opaque foreground and a transparent background (anak>- 
gous to Extended Write mode 4). the transparency feature must be used, and the transparent col- 
or must be set to the background color. The registers used for foreground ooior expansion with 
transparency are the same as the color expansion registers with 1 in the source. (Refer to Figure 
A1-3.) 



A1.7 Pattern Fills 

In some cases it is necessary to fill an area with a repeating pattern. The CL-G07542 BitBLT en- 
gine has provisions for pattern replication with or without color expansion. The pattern size is 8 
pixels X 8 pixels, chosen for compatibility with Microsoft Wtrxjows. 

When QR30[6] is 1 , the source is defined as an array of 8 pbcete x 6 pixels. This an-ay is repeatedly 
copied to the destination area, with color expansion if necessary. For any scantine, the same eight 
pixels of source data are used repeatedly. The source pitch is Ignored. The number of bytes in the 
source pattern is a function of the operating mode, as indicated in Table A1-4. The starting ad- 
dress boundary of a source pattern ts equal to the nun^ber of bytes. 



Table A1^. PatterrvRII Data Size 



Operating Mode 


Number of Bytes In Source Pattern 


Starting Addreea 
Boundary 




8 Dytas of monochrome data tor 64 pocats 


abytaa 


8^ pams 


64 bytes o4 color dau tor 64 paed 


Gibytaa 


16-tirt puels 


126 bytes o( color data tor 64 pueis 


128 bytes 


puftis 


2S6 bytes of coior data tor 64 pnels 


256 bytes 
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.8 BLT Direction 

If source and destination areas overlap in display memory, as explained below, ensure that the 
BitBLT operation progresses so that the source area Is not ovenh?rmen prior to being used. 

Refer to Rgure A1 -3. If the BitBLT operation were to begin with the upper-teft comer of the source 
and destination, the contents of the overlapped area would be ovenwitten before being used. 

To avoid this effect, QR30(0] must be set to 1 so that the direction in which the BitBLT operation 
progresses is reversed. As shown in Rgure A1-3, the bytes are therefore processed right to left 
and bottom to top. guaranteeing that bytes of the source are used prior to being changed. Note 
mat in this case, the start addresses are the highest in the areas, not the towest 



Figure A1^. Source and Destination Memory Area Overtap * Start Address 
9 System Memory 

The source area or the destination area, but not both, of a BitBLT can be in system memory. In 
either case, the CPU must perform the bus transfers in that the CL-GD7542 is never a bus master. 
For such transfers, the address provided by the CPU is ignored (except it must be in the range 
being (decoded as display memory). The CPU musf execute DWORD transfers. 

• When GR30(2] is a 1 . the BLT source is system memory. 

- For systerrvto-screen BitBLTs. up to three bytes of the last transfer for each scanllne are ignored 
(depending on width of the source and the destination areas). The next scanlirte begins with the next 
DWORD transfer. 

• When GR30[1] is a 1. the BLT destination is system memory. 

- The CL-GD7542 pads each scaniine with up to three indeterminate bytes (depending on v/idth of the 
source and the destir^ation areas). BLTs involving color expansion or pattern copy cannot use this 
mode 




BEGINNING 
ADDRESS 
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A1 .1 0 Start / Suspend / Reset Controls 

Once the parameters have been loaded into the registers.ihe BitBLT can be started, suspended, 
and then resumed. It is also possible to unconditionally reset the BitBLT engir^e. These functions 
are controlled by bits m GR31 . 

• To start a BitBLT. program QR31[1] to 1 . As long as the BLT is in progress. GR31(0] is a 1. 
When the BLT has completed. GR31 [0] changes to a 0. 

Monrtonng GR31I0] is the most straight-forward way to synchronize with the BitBLT engine. 
While the BLT is in progress, the CL-GD7542 display memory and BLT registers (except 
GR31 ) must not be accessed for read or write. 

• To suspend a BLT, program GR31I1) to 0. Register GR31fO) must be monitored to detertnine 
when the BLT has actually been suspended, and it is safe to access display memory. When 
register GR31[0] is a 0. then the BLT has been successfully suspended or has been complet- 
ed. 

When a BLT has been suspended, the CPU may access display memory only for write oper- 
ations. If the program reads display memory during a suspended BLT, working registers are 
overwntten. and the first few bytes of the BLT will use invalid data, when It is resumed. 

The CPU can determine whether a suspended BLT was actually suspended, or gone to com- 
pletion cotnodentally with the suspension, by reading GR31[3]. 

- When GR31[3] is a 1 . the BLT was suspended and must be resumed. 

- When GR31{3] is a 0. the BLT was actually completed and need not be resumed. 

• To resume, the BLT rs resumed by programming GR31[1] to 1. BLTs can be suspended and 
resumed multiple times. 

• To unconditionally stop the cun-ent operation, and reset the entire BitBLT engine, 
programGR31[2] to 1 . GR31[3] and GR31[0] are forced to 0 and the operation stops after the 
next wnte. This operation may result in partial pixels being wrmen. 

Note mat BttBLT operation that is reset cannof be resumed. 
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A1.11 Complet0 BLT Register Listing 

Tabie A 1*5 lists every register associated witfi the BitBLT engine. 

Table A1-«* BLT Register Usting 



q 



Register 


How Used 


Size 
(Bits) 


ModifieaT 


GRO 


Background Color byte 0 


8 


No 


Gft1 


Foreground Cotor byi« 0 


8 


No 


GR10 


B«cKgrotf>d Color byte i 


8 


No 


GR11 


Poroground Color byte i 


6 


No 


GR20 


WWttibyteO 


8 


- 


GR21 


Width byte 1 


3 


- 


QR22 


HeigfttbyteO 


8 


Y«a 


GR23 


Height byte 1 


2 


Yes 


GR24 


Dettnation Pitch byte 0 


6 


No 


GR2S 


Deemtm Pitch byte 1 


4 


No 


GR26 


Sotfce Pitch byte 0 


8 


No 


GR27 


Souree Pitch byte 1 


4 


No 


GR28 


DerbnetKin Start byte 0 


8 


Yes 


GR29 


Oesbnabon Start byte i 


8 


Yes 


GR2A 


Deebnabon Start byte 2 


5 


Yes 


GR2B 


Reserved | 




QR2C 


Source Start byte 0 


8 


Yes 


1 GR2D 


Source SUrt byte i 


8 


Yes 


1 GR2E 


Source SUrt byte 2 


5 


Yes 


; GR2F 


Desbnabon Wnte Mask 


3 


No 


i GR30 


BLT mode 


8 


No 


GR31 


SiarVStatus 


4 


GR32 1 


Raster Operaoon 


8 


No 


GR34 1 


Tramparenl Color - Low Byte 


e i 


No 


GR35 


Transoarer^t Coiof - High Byie | 


6 ! 


No 


GR36 I 


Transparent Color Mask - Low Byte | 


8 i 


No 


GR39 ] 


Transparent Color MasK - High Byte j 


8 I 


No 


SR2 t 


Piar^e Mask j 


8 i 


No 



Orrus Confidential 
BuMness Infnrmaoon 



CL 28842 



-16 



Pre L mi nan Data Book 



August 26, 1994 

Rev 1.1 



CL-GD7S42 (Nordic) 

GUIX SVGA LCD Ccntreller with MVA^*! 




'CIRRUS LOGIC 



A1.12 BLT Registers modified While BLT Is Oeeuring 

Some registers assodated with a BLT are modified while the BLT is occurring. Therefore, they 
must be re-wrttten prior to the rwxt BLT, even when the initial values are to be the same. 

A1.13 Text Expansion Example 

Using color expansion, a text string is copied from system memory, resulting in faster test-write 
operations. The monochrome image of the string is arranged in system memory by scanline. For 
example, assume that the destination area is 150 pixels x 25 scanlines. 8 bits per pixei. The des- 
tination pitch is 1024 pixels. The registers must be loaded as indicated in Table Al-6. When the 
background pixels are not to be written, GR30[3] must be set to 1 . 

Table Al-6. Typical Register Settings for CdOf-Text Expanelon 



R«glstirt«) 


R«9ist«r 
Contents 
(DMtmaO 


RoglMr 

OMCription 


HewCaleuteM? 


GR0/GR10 


OonlCart 


BadcgrM^ Color 




QR1 /QR11 


Don't C«r» 


Poragrotfid Color 




GR20/QR21 


149 (dttomai) 


Width 


150-1 


GR22/GR23 


24(d«amal) 


HeiQhl 


25-1 


GR24/GR25 


1024 (dadmaJ) 


DMbnftbon Pitch 




GR26/QR27 


n/a 


Soures Pitch 


(Synam momory) 


GR28/GR29/GR2A 


Ooni Cm 


Dortnabon Start 




GR2C/GR20/GR2E 


rva 


SoureaStafi 


(Syatafn maniory) 


GR30 


d4(h«x) 


BLT Mode 


Coior ExpanaMin, 
Soure* « Systam Memory 


GR31 


OZitmx) 


Stari/Statua 


Sartbtti 


GR32 


OO (hex) 


Raatar Opafvbon 


SRC COPY 
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After the registers are loaded, the source bitmap must be transferred. 

• The first DWORD write transfers the image for pixels 0 to 31 . 

• The second write transfers the image for pixels 32 to 63. 

• The third transfers the image for pixels 64 to 95. 

• The fourth transfers the Image for pixels 96 to 127. 

• The data sent in the fifth DWORD transfer Is shown in Figure A1-4. 




Figure A1-^. Color Expand Transfer 

A total of 1 19 DWORD transfers are required. The last one byte of the last trar^sfer is discarded. 



■ffi 



Cirnis Confiiicntial 
Business Infonnauon 



CL 28844 



Aw^sf 26, 1994 

Prebminan Daia Book Rev l l 



CL'GD7S42 (Nordic) 



GUIX SVGA LCD Conirolkr with MVA 



TM 



'CIRRUS LOGIC 



— * .•-'3 ' 



Appendix A2 



Hardware Cursor 



CL 28845 



Prebminan Data Book 



August 26, 1994 

Rev I I 



Is 

1 



CL 28846 



-22 



Preijmjnan Data Bcx5k 



August 26, 1994 

Rev 1.1 



CL'GD7S42 (Nordic) 

GUIX SVGA LCD ConrroUtr wixh A/VA 



A2. Hardware Cursor 

A2.1 Introduction 

The CL-GD7542 is capable of supporting a32 x 32or64 x 64 hardware cursor (mouse pointer) 
in 16-color planar, 256-. 32K-, and 64K-color pactod-pixel graphics modes. 

Multiple hardware cursor pattems can be loaded into the upper disptay memory area, allowing ap- 
plication programs to select one of the pattems as an active-cursor pattern. 

The hardware cursor (mouse pointer) replaces a software mouse pointer commonly used by 
Graphics User Interface (GUI) applications. The hardware cursor eliminates tt)e need for applica- 
tion software to save and restore the screen data as the mouse pointer position changes. 

After inrtiallzing the hardware cursor, the application software needs only to update the cursor po- 
sition (x,y) to move the cursor on the screen. Compared to a software cursor, the hardware cursor 
offers a smooth-moving mouse pointer with improved pertormanoe. 
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A2.2 Hardware Cursor Operation 

Each pixel in the hanjware cursor consists of two bits: bit 1 and bit 0. The following table shows 
how the two bits determine the displayed data of each cursor pix6l. 

Table A2-1. Hardware Cursor Bits 



s ^ r 

m 



m 

Mi 



5^ 



BItO 


Btti 


Displayed Data of 
Hardwar* Cursor Pbcal 


0 


0 


Trvnpaiant 


0 


1 


Inverted VGA Oopiay Data 


1 


0 


Cursor coiorO 


1 




Cursor colorl 



The cursor colors 0 and 1 are supplied by the internal palette DAC's two extra Lookup Table (LUT) 
locations which are mapped into the existing LUT indexes OOh and OFh. respectivety. As a result, 
the hardware cursor colors are independent of the existing LUT Indexes OOh through FFh. 

The CL-GD7542 extension register SRI 2. the Video Datapath Control Register, can be pro- 
grammed: 

• to enable or disable the cursor 

• to select the cursor size 

• to enable access to the Palette DAG cursor colors 

• to enable cursor movement 

The haroware cursor data Is located in the top 8 Kbytes of the display memory. The number of 
cursor patterns that can be loaded in the display memory at one time is erther 32 (for 32 x 32 bit 
cursors) or 6 (for 64 x 64 bit cursors). One of the cursor pattems loaded in display memory is se- 
lected as the active-cursor pattern using the Graphics Cursor Partem Address Offset Register 

(SR13). 

The hardware cursor position ts controlled by programming the hardware cursor horizontal (X) po- 
sition and hardware cursor vertical (Y) position. The 1 1-brt cursor X-location and Y-location values 
are programmed by initiating two 16-bit I/O wrrtes to. 

1 SRX (3C4h) and SRIO (3C5h): Honzontal position 

2 SRX {3C4h) and SR11 {3C5h)- Vertical position 

where tne SRXr7:5] bits of the Index Register are the least-significant bits of the 11 -bit value, and 
the SRX[4.0) bits are the index into the honzontal and vertical position registers. Moving the cursor 
always requires writing to both the honzontal and vertical position registers. 
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The horizontal position is written first but does not take effect until the venicai position is updated. 

NOTE: The horizontal fine-position control requirw one more bit for those expanded-flraphics modes that 
use 1 (Wot character clocks. For these speaal cases (for example. 640 x 480 graphics expanded 
tor 800 X 600 LCDs), the most-significant t)it for the fine-position adjustment is in SR2E(0). wtaeh 
IS appended to the index txts SRXRiS]. For standart non-expanded graphics modes. SR2E[01 is 
always 0 and can be ignored when moving the cursor. 



The following table shows the CL-GD7542 Extension Registers bits that are needed tor program- 
ming the hardware cursor 

Table A2-2. Extension Registers Bits For Programming Hardware Cursor 



To: 


Prosramz 


index or Extension 
Register 


I/O Pert 
Address 


Register 
Bits 


Value 


EnaM h«fdwar« cursor 


SR12 


3CSh 


[01 


1 


Aocass graphcs pal«lie OAC colors 


sni2 


3C5h 


(11 


1 


Set harttwM cursor soa (32 x 32) 


SRI 2 


3C5h 


[21 


0 


S«t hardware cursor ssa (64 x 64) 


SR12 


3C5h 


PI 




EnaMe r^artfvvars cursor movement 


SR12 


3C5h 


&] 


0 


Select rwdwmra cursor penam (32 x 32) 


SR13 


3C5h 


(4:01 


31 ..0 


Select naidwara cursor panam (64 x 64) 


SRI 3 


3C5h 


[4:2] 


7.0 


Set r\arowars cursor honzontal poamon 


SRX/SRIO. 30. 50. 70, 
90. BO. 00. FO 


3C4r\/3C5li 


[7:5yi7:0] 


2047..0 


Set t^aroware cursor rwruontal positior) 
fine-poart>on axtansMn (rmb) for 
expanded ^rap^Mcs 


SR2E 


3C5h 


(0) 


0:Non-Exp. 
l:&9ended 


Set ftartfware cursor vertical poamon 


SRX/SR11.31.51.71, 
91. B1. D1. F1 


3C4h/3C5h 


r7:5yt7:01 


2O47..0 


£r\a&ie 64 1 64 hardware cursor memory 
mapping 


SR21 


3C4h/3C5h 


[41 


1 
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A2.3 The 32 X 32 Hardware Cursor 

Each 32 X 32 cursor pattern requires 256 bytes (128 bytes per cursor pixel bit x 2 cursor pixel bits), 
which allows for 32 cursor patterns to be loaded into 8 Kbytes of the hardware cursor data area tn 
the display memory. The active cursor pattern is selected by programming the Graphics Cursor 
Pattem Address Register bits (SR13{4:0]). 



The hardware cursor data and the hardware icon data are loaded into the top 16 Kbytes of the 
display memory as follows: 

• The hardware icon data is loaded into the top 8 Kbytes of the display memory. 

• The hardware cursor data is loaded into the next 8 Kbytes of the display memory. 
For more information about the hardware icon, refer to Appendix 3. 

The 32 X 32 hardware cursor pattem data from cursor pixel bit 0 and cursor pixel bit 1 is loaded 
into the display menrtory as shown in the following figure: 



32*brt-wide display memory 
bit 31 bit 0 



0 


Scanline 0 


pO 




Cursor Ptxei 








Bit1 




Scanline 31 


PO - 


p31 




a 


Scanline 0 


pO 


P31 


Cursor Pixel 




i 

i 






BitO 




Scanline 31 


pO 


p31 





i^j Figure A2^1. Mapping of 32 x 32 Hardware Cursor 
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A2.4 The 64 x 64 Hardware Cursor 
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Each 64 X 64 cursor pattern requires 1024 bytes (512 b>rtes per cursor pixel bit x 2 cursor pixel 
bits), which allows for 8 cursor patterns to be loaded into 8k of the hardware cursor data area. The 
active hardware cursor pattern is selected by programming the Graphics Cursor Pattern Address 
Register bits (SR13(4:2}). 

The 64 X 64 hardware cursor pattern data from cursor pixel bit 0 and cursor pixel bit 1 is loaded 
into display memory one cursor scanline at a time. The same action takes place until all 64 scan- 
lines from cursor pixel bit 0 and cursor pixel bit 1 are loaded into the system memory as shown in 
me following figure: 



r 



Scanline 0 



L 



r 

Scanline 63 

L 
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Rgure A2-2. Mapping of S4 x 64 Hardware Cursor 



To get proper 64 x 64 hardware cursor mapping. Extension Register SR21[4] bit must be set to 1. 
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The following table shows the location of the hardware cusrsor memory map wrthin the display 
memory. 

Table A2-3. Hardware Icon Mamory Map fn 1-Mbyte DSaptay Memory 



AddTMS 


32 X 32 Hardwar* Cursor 


M X 64 Hardwar* Cursor 


3FRX)-3FfFF 


Cunor Map 928 • Cufior Map #3 1 


Cursor Map #7 


3FE0MFEFF 


Curtor Map #24 • Cunor Map #27 


Cursor Map #6 


3FDO(K3FDFF 


Cursor Map #20 • Cureor Map #23 


Cursor Map #5 


3FCO(K3FCFF 


Cursor Map #16- Cursor Map • 1 9 


Cursor Map 


3FB0CV3FBFF 


Cursor Map #12 - Cursor Map #15 


Cursor Map #3 


3FA0MFAFF 


Cursor Map #8 -Cursor Map #11 


CuaorMap#2 


3F90MF9FF 


Cursor Map #4 • Cursor Map #7 


Cursor Map #1 


3F80CKJF8FF 


Cursor Map #0 - Cursor Map #3 


Cursor Map #0 



NOTE; For the 32 X 32 han*wars cursor, four hardwana-cursor data patterns occupy 3Fx00 through 
3FxFF. Their respectrve addresses (x = 8 - F) are: 
3Fx00 - 3Fx3F 
3Fx40 - 3Fx7F 
3Fx80 - 3FxflF 
3FxC0 -3FxFF 
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A3. Hardware Icon 
A3.1 Introduction 

A hardware icon (a hardware-dnven icon window), as compared to a software icon, eiiminates 
the need for application software to save and restore the screen data as the icon position 
changes. 

In vahous operational modes, the CL-GD7542 Super VGA LCD Controller is capable of sup- 
porting four hardware icons with the following features: 

• One to four icons displayed simultaneously on the screen. 

• Icon size is 64 x 64 pixels. 

• Icon size can be doubled vertically and/or horizontally to 64 x 128> 128 x 64-, and 128 x 
128- pixels. 

• Up to eight loon maps may be defined in display memory for use and are associated with 
the displayed hardware icons in two ways: 

- Two maps for each hardware icon 

- All eight maps used with the first hardware icon. 

• A single location known as a hot spot is used to define the screen position of all of the 
icons. This hot spot defines the upper left-hand comer of the first icon. All subsequent 
icons are left aligned vertically down from the first icon. 

• The hot spot is positioned at a resolution of one pixel. 

• Each icon independentiy controls the following: 

- Dtspiay Enable 

- DisDiay Mode: 4 colors, or 3 odors transparency 

- Blink Enable: at erther blink rate, or at one-half the icon blink rate 

- Honzontal Pixel Ooubltng 

- Vertical Pixel Doubling 

- Memory Map Selection 

• The hardware icons have tt\e second most display pnority in the video sub-system. Only 
the hardware cursor will appear on top of the icon. 



The hardware icon memory model and programming model are very similar in usage to that 
of the hardware cursor. The memory used to define the icon maps is at the top of the available 
display memory space and is fixed by the GD7S42. 
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A3.2 Hardware Icon Operation 

The CL-G07542 Video Datapath Control Register (SR12>i and Hardware Icon Control Regis* 
ters (SR2A / SR2B / SR2C / SR20) can be programmed for the followtng: 

• to enable/disable the icon 

• to select the icon size 

• to enable access to the Palette OAC icon colors 

• to enable icon movement. 

The hardware icon data is located in the bottom 8 Kbytes of the of the top 1 6 Kbytes of avail- 
able display memory. The number of icon patterns that can be loaded in the display memory 
at one time is eight 64x 64bit- icons (of which four can be simultaneously displayed). These 
pattems can be defined as either two patterns per icon, or all eight patterns can be displayed 
on the first icon allowing all of the pattems to be displayed at the same location without having 
to update the icon hot spot. 

A3.2.1 Icon Color 

Each hardware icon pixel consists of two bits: The icon pixel bit 0 and the icon pixel bit 1. The 
following table shows how the two b(ts detennine the displayed state of each icon pixel. 

Table Hardware icon Pixel Bits 



Icon Pbtel BttO 


Icon Pixel Bit 1 


Olsplaysd Data of 
Hardware Icon Pbcel 


1 0 


0 


Transparent / icon Color 0 


0 - 


1 


Icon Color l 


1 


0 


Icon Color 2 


1 


1 


loonCotora 



The icon colors 0 and 3 are supplied by the internal palette DAC's four extra Lookup Table 
(LUT) locations which are mapped into the existing LOT indexes 03h, D4h. 05h. and 06h, re- 
soectively As a result, the hardware cursor colors are independent of the existing LUT indexes 

OOh through FFh 

• When enabled by senmg SRI 2 [1] to 1. these four additional palette locations are acces- 
sible the same way as their standard VGA counterparts. 

• Cteartng SRI 2 [1] to 0 restores standard VGA operation to the palette. 
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A3-2.2 IconPoiitlon 

The hardware icon position is controlled by programming the Graphics Icon Horizontaf pQ po- 
sition and Graphics loon Vertical (Y) position. The hardwa.'s icon position is programmed the 
same way as the hardware cursor using the same VO addresses. The GD7S42 distinguishes 
the difference between the two operations by the state of mgister bit SR12 [3]. 

• When SRI 2 [3] s 0, writing X and Y position data wilt control the position of the hardware 
cursor. 

• When SRI 2 [3] s i, writing X and Y position data wilt control the position of the hot spot of 
the hardware icons. 

The 11-btt icon X-iocation and Y^tocation values are programmed by initiating two 16-brt 1/0 
wntes to: 

• SRX (3C4h) and SR10 (3C5h): Horizontal position 

• SRX {3C4h) and SRI 1 (3C5h): Vertical position 

where SRXf7:5] of the Index Register are the least-significant bits of the 11 -bit value, and 
SRX(4:0] is the index into the honzontal and vertical position registers. Moving the icon always 
requires writing to both the horizontal and vertcal position registers. The honzontal position is 
wntten first but it does not take effect until the vertical posrtion is updated. 

NOTE: The honzontaJ fine-position control requires one more bit for those expanded-graphics modes 
that use iCMjot character docks. For these speoat cases (for example. 640 x 480 graphics 
expanded for 800 x 600 paneis). the most-significant btt for the fine^^osition a^ustment is in . 
SR2A(6]. which is appended to the index bits SRXPiS), For standard non^xpanded graphics 
modes. SR2A(6] is aiways 0, and can be fgncred when moving the icon. 
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The following figure shows the hot spot and vertical alignment of the icons as they appear on the 
display. 



Hot Spot 
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h^Spot 
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lcon#l 




lcon«1 




Icon #2 




icon #2 




Icon #3 




Icon #3 

(The pixel and the scanline are 
horizontally and vertically 
doubled.) 


Icon #4 






ICON #4 





Figure A3-1. Hot Spot and Vertical Alignment of the ICONs 
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The following table shows the CL-QD7542 Extension Registers bits needed for programming 
the hardware icon. 

Table A3-2. Extension Registers Bits tor Programming Hardware Icon 



To: 

EnaM hardwarv con 


Program: 


Extension 


I/O Port 
Address 


Register 
Bits 


Valu* 




3C5h 


V>] 




Display 3 colort * tnnaparsncy 


SR2x^ 


3C5h 


Ml 




DaDlav4 colon 




3CSh 


lij 




EnaMbink 


SR2x' 


3C5h 


12] 




OouM honzontal pocai 


SR2x^ 


3C5h 


[3] 




OouM vMcai scanlirw 




3C5h 


14] 




S6i6Ct TTWDOfy fnap 




3CSh 


(51 


Oorl 


Setea con #0 aight memory maps option 


SR2E 


3C5h 


(2:11 


11. 10, 01,00 


Set hamwara con honzontal position^ 


SRX/SR10. 30. 50, 
70. 90, BO, DO, FO 


3C4MC5h 


17:5^7:01 


2047...0 


Set con honzontai position fine-poamon 
aidensaon <msb) tor aa^andtd gnphes 


SR2A 


3C5h 


(61 


0: Norv&9. 
1:&9«M 


Set han}ware con vertnt position^ 


SRX/SR11.31.51. 
71.91,B1,D1.F1 


3C4h/3C5h 


[75W7:0J 


2047...0 



1 The X represents the four avaitat)te con programming registers; 2Ah, 2Bh. 2Ch, ar>d 2Dh. which 
corespond to the 007542*5 four hardware icons. 

2 The con position is programmed the same way as the hardware cursor usir^ the same I/O ad- 
dresses. The state of SR12(3] determines either the con position or the cursor position are being 
updated. 

A3,2.3 Memory Map Option 

The eight CL-GD7542icon maps can be configured in two ways: 

• Two maps per icon . 

• Ail eight maps available to icon #0 

Register SR2E [2.1) controls this option. 

• When this field is zero, the corresoonding map pair that ts displayed is icon #0. 

. • When this field ts non-zero, only Icon #0 can be used, and rt has accesses to all eight mem- 
ory maos. The non-zero number points to the corresponding map pair that is displayed as 
Icon #0 
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The member of the map pair that is actually displayed is selected by the state of SR2A (5). For 
example. If SR2E [2:1] = 11 and SR2A{5]»0 then map #6 will be displayed as icon #0. For memory 
map details, refer to Table A3-3 . 

When SR2E[2:1 J field is non-zero, loons #1 , #2. and #3 should be disabled. 



A3.3 Hardware Icon Memory Map And Data Format 

The following table shows the location of the hardware icon memory maps within the display mem- 



ory. 



Table A3-^. Hardware Icon Memory Map in 1 -Mbyte Diaplay Memory 



Addrus 


Hardwart Icon Memory Map 


3F700-3F7Ff 


tcon «3 Map «1 or loon #0 Map #7 


3F600-3P6FF 


Icon 43 Map #0 or Icon ao Map #6 


3F500-3F5FF 


loon #2 M^ •! or loon fO Map #5 


3F400-3P4FF 


loon #2 Map «0 or loon #0 Map #4 


3F300-3F3FF 


loon •! Map #1 or Icon #0 Map #3 


3F200-3F2FF 


Icon #1 M^ « 0 or Icon «0 Map #2 


3FtOO-3FlFF 


loon to Map #1 


3F000-3F0FF 


Icon #0 Map «0 
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The actuai data that is stored in display memory to define the icon is written with two bits of 
data per pixel, as defined in Section A.3.2* 1 . Icon Color. The following figure shows how the 
64 pixels X 64 pixels icon is stored in 32-bit-wide display nnenfK)ry. 
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Rgure A3-2. Icon (64 Pixels x 64 pixels) Stored in the Display Memory 



Cirrus ConTitienoal 
Business Informanon 



CL 28861 



1994 



Prehmjnarv Dau Book 



437 




CL-GD7S42 (Nordic) 

r^.^^. , ^^.^ GUIX SVGA LCD CoiarolUr With hfVA™ 

CIRRUS LOG/C=T- .-.^.^ ^ 



Ornis Conf.aent.al 
Business lnfonn*oon 



CL 28862 



438 



PreliiTunan Daia Book 



August 26, 1994 
Rev. 1.1 




CL-GD7S42 (Nordic) 

GUIX SVGA LCD ControiUr with MVA™ 



Appendix A4 



Color Expansion and 
Extended Write Modes 



Bufloett InConnation 



CL 28863 



Prebrrunan Daca Book 



August 26, 1994 

Rev 1 1 




XJRRUS LOaC : 



01-007542 (Nordic) 

CUIX SVGA LCD ConxrolUr with MVA^ 



1^ 



Cirrus Confiaential 
Business Uiforwaoon 



CL 28864 



PreliminarN Data Book 



August 26. 1994 

Rev 1 1 



CL-GD7S42 (Nordic) 

GUIX SVGA LCD ComrolUr witk hT/A™ 




UmJS UDGIC 



M. Color Expansion And Extended*wr!te Modes 
A4.1. Introduction 

The CL-GD7542 supports color expansion, using extended-write modes for faster CPU wnte per- 
formance. In graphics modes, these extended wnte modes can be used for the following opera- 
tions: faster text write, pattern fill, and block move operations. In S- or 16-bit-per-pixel graphics 
modes with packed-pixel addressing, these write modes operate on 8 pixels at a tome. 

A4.2. Color Expansion 

Color expansion is the automatic conversion of a monochrome bit map. typically defining a char- 
acter, icon, or pattern into foreground and background coior values that are written into display 
memory. The foreground and background color values are heki in the CL-G07542, and only the 
monochrome bit maps need be transmitted across the bus. Each bit of the monochrome map is 
converted into an &-bit or 16-brt pixel value: The bus traffic is reduced accordingly. 

A4.3. Registers Involved In Color Expansion 

The following register bits are involved in color expansion. 
Table A4-1. Color Expansion Registers 



Register Bh 


Function 


SR2f7.01 


EnaMe Writing Pix«tt 


GRB(2] 


1 •nadiM Extended Wme Modes 


GRB[4) 


1 enhances Extended Wnte Modes to 16>t>rt pixels 


1 GR5f2:0) 


100 cnooees Extended Wme Mode 4 

101 chooees Extended Wnte Modes 5 


: GROP.O] 


Extended Wnte Mode 5 Background Cotor Low Byte 


GRIp-O] 


Eidended Wme Mode 4/5 Foreground Cotor Low Byte 


GRIOPO) 


Extended Wme Mode 5 Background Cotor High Byte 


GRnfTO] 


Extended Wme Mode 4/5 Foreground Coiof High Byte 
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.4. Extended Write Modes 

The CL-GD7542 supports two extended write modes: Extended-Write Modes 4 and 5. These ex- 
tended wrtte modes can selectively update up to eight pixels of 8 or16 Ms each. For more infor- 
mation, refer to sections A4.8. and A4.9. 

The extension register GRB. Graphics Controller Mode Extensions Register, btts [4:1] are used in 
combination to enable the CL-GD7542 Extended Write Modes. 



GRB: GRAPHICS COMmOLLER MODE EXTENSIONS. 



ENABLE OFFSET REGISTER 1 

ENABLE BY4 ADDRESSING 

ENABLE EXTENDED WRfTE MODES 
ENABLE B-BYTE DATA LATCHES 

ENABLE le-err enhanced wrftes 

OFFSET GRANULARITY 
RESERVED 



Figure A4-1. Extension Register GRB 

When Extended Write Modes are enabled by setting GRB{2] to 1: 

• Up to eight bytes can be transferred to display memory tor every CPU t>yte transfer. 

• GR5[21. the Mode Register bit. is enabled to select Extended Write Modes 4 and 5. 

• GR0[7:0]. the Set/Reset Register, extends read/wrrte values for Extended Write Mode 5 Back- 
ground Color 

• GR1 f7 0]. the. Enable Set/Reset Register, extends read/wnte values for Write Mode 4/5 Fore- 
ground Color 

• SR2[3:0]. the Map Mac' Register bits, extends to SR2r7:0] for Write Modes 4 and 5. 

• GRB[4]. the Graphics Controller Mode Extensions Register bit. is enabled so that it can select 
ennanced wntes tor Write Modes 4 and 5. 
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A4.5. By-8 Addressing 

GRB[1 ]. wnen set to 1 . selects By-8 addressing for 8*bit^-pixel (256-color) video modes. The 
system address is shihed left by three bits relative to packed-pixel addressing so that each sys- 
tem byte address points to a different 8 pixel (8 bytes) block in display memory. 

This GRB{1] bit in combination with GRB(2), is used for selecting extended write modes. This 
bit is a don't care when GRB{4] is 1 . 

A4.6. By-1 6 Addi^ssing 

GRB[4]. in combination with GRBf2]> is used to select Wrtte Mode 4 and 5 for 16-bfts-per*pixel 
graphics modes (RGB 555 or 565). The system address is shifted left by four bits relative to 
packed-pixel addressing so that each system byte address points to a different 6 pixels (1 6 bytes) 
block in display memoyr. 

GRB(4] and QRB[2]. when set to 1 . select the following write mode operation: 

• Enables By-1 6 addressing. 

• Enables up to 1 6 bytes (eight pixels) to be transfen-ed for each CPU byte cycle. 

• Enables GR10 and GR1 1 as high-byte data for foreground and background color extensions. 
(GRO and GR1 contain the low-byte data.) 

• Enables each bit of SR2 to be used as pixel write mask for two bytes. 

A4.7. Data Latches 

When GRB{3] is set to 1 , the memory read latches are eight t>ytes wk)e, instead of the nomial four. 
Eight-byte wfde memory read latches can be used in Write Mode 1 to write eight latched bytes 
back into display memory. This action allows either eight pixels in 256-color modes or four pixels 
in 1 6-brt/pixel modes to be updated In a single CPU byte cyde. 

A4.8. Extended Write Mode 4 

The CL*GD7542 supports Extended Wnte Mode 4. which Is used in combination with BY-8 or BY- 
1 6 addressing modes to operate on eight pixels of data at a time (8 or 16 bytes, depending on 8- 
bn or l&-brt-per-pixel mode). 

• tn 8 brts per pixel mode, the Foreground Color Bits GRlf7:0] are used to update each pixel 
byte in display memory. 

- The 8-brt value ts wntten as the foreground color wt>en tr>e corresponding CPU data is a 1 , and the 
corresponding Map Mask Register bit in SR2 ts also set to a 1. 

- When the CPU Data W is a 0. tr>e corresponding pixel in display merrwry is not changed by the wme. 

• in 16 bits per pixel mode, the Foreground Color Register bits QR1 1(7:0] (foreground-color high 
byte) and GRI [7:0] (foreground-color low byte) are used to update each pixel word in display 
memory 

- When the con^esponding CPU data is i and the corresponding Map Mask Register bit m SR2 is also 
1 . rhe 16-bi! value is wntten as the Fcreground Color 

- When the CPU data bit is 0. the corresponding pixel in display memory is not changed by the wnte. 
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This mode, tor example, can be used to write text to display memory with the foregrourid colof 
while preservirig the backgrourid color. This action allows eight pixels of display data to be updat- 
ed with a single CPU byte cyde. 

9. Extended Write Mode 5 

The CL-GD7542 supports Write Mode 5, which is used in combination with x8 or X16 addressing 
mode to operate on eight pixels of data at a time (8 on 6 bytes based on 8-bit or 16-bit-per-pixel 
mode). This mode can be used to wnte text to display memory with ia selected Foreground Color 
and a Background Color. This action allows eight pixels of display data to be updated with a single 
CPU byte cycle. 

• In 8-bit^pixel mode, the Foreground Color bits GR1[7:0] or the Background Color Register bits 
GR0r7:0] are used to update each pixel byte in display meniory. 

- When the correspondmg CPU data is 1 , the 8-bit value is written as the foreground color. 

- When the CPU data bit is 0. the corresponding pixel in dsplay memory is written with the background 

color, 

- The corresponding Map-Mask Register. SR2r7:0]. also inhibits wntes to selected pbcel in display 

memory. 

• In 16-bft/pixel mode, the Foreground-Color bits GR11[7:0] (foreground-color high byte) and 
GR1[7:0] (foreground-odor low byte), or the Background Color GR10f7:0] (background-color 
high byte) and GR0[7:0] (background-cok>r tow byte), are used to update each pixel word in 
display memory. 

- When the ccn^sponding CPU data is 1 . the 16-bit value is wntten with the foreground ootor. 

- When that CPU data bft i$ 0. the corresponding pixel tn display nwnory ts written with the 
background cotor. 

- The corresponding Map-Mask Register. SR2|7;0]. also inhibits the corresponding pixel value (two 
Dytes) to oe wrrrten to display memory. 
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A5. True*color Modes 
A5.1 Introduction 

The CL-QD7542 has a built-in true-co*or multi-mode palette DAC that supports the following 
modes: 

• 8 bits per pixel (VGA-standard 256-coior Paiette Mode) 

• 15 bits per pixel (32K color, the 5-5-5 Sien-a Mode™) 

• 16 bits per pixel (64K color, the 5-6-5 XGA™ Mode) 

• 24 bits per pixel (16.a-million color, the 8-8-8 Tme-Color Mode> 

. Mix Mode: Either 15 bits per pixel (5-5-5 Mode) or 8 bits per pixel(standard VGA Mode) 
in the 256-color Paiette Mode, the Palette DAC is VGA compatible and provides 256 simulta- 
neous colors out of a palette of 256K on the display screen. 

AS.2 Programming for a True-color Multi-mode Palette DAC 

Extended Color Modes are enabled by the Hidden DAC Register (HDR at I/O Port 3C6h). At 
reset this register is loaded with OOh, which programs the Palette DAC In a VGA-compatible 
mode. In this mode, the Palette DAC is functionally equivalent to the industry-standard Brook- 
trees BT476 RAMDAC^. By writing code to the Hidden DAC Register, the Palette DAC can 
be programmed in one of the modes mentioned above. 

The following method is used to write to the Hidden DAC Register 

step 1 : Read from the Pixel-Wask Register (3C6h) four times in succession. No other reads/wntes 
should be directed to that a0dress. 

Step 2: Atter the fourth read, the Pixei-Mask Register points to the Hidden DAC Register. At the 
tjme, the Hidden DAC Register can be programmed by writing to it at Port 3C6h. Any read 
from or wnie to any address, other than the Pixel-Mask Register. wiH reset an internal 
counter which 'hides' the Hidden DAC Register again. To continue, repeat Step 1. 

Table A&-1. Extended Color Mode Selected with the Hiddar) DAC Register 



HDR 


Function 


[7] [ [6] 


[5] 


w 


[3] 


12] 


[1] 


[0] 


0 1 X 


X 


X 


X 


X 


X 


X 


Standard VGA Cornpatibia 256-cotof Mode 


1 1 1 


1/0 


0 


0 


0 


0 


0 


5-5-5 Mode (32K coiors.SierrB~) 


1 1 1 1 1/0 


1 


0 


0 > 0 


0 


5-5-5 and 2S6<otor Ma Mods 


1 j 1 1 X 


0 


0 


0 1 0 


1 


5-6-5 Mode (64K colora. XQA~) 


1 1 1 X 


0 


0 


1 ' 0 


1 


8-6-8 Mode (16.8-mi»ion colors. True Color Mode) 



NOTE In S-S'S Mode (Sierra^-), 

. Programming HDR[5] to 0 chooses Cloctong Mode 1 . 
. Programming HDR[51 to i ciiooses Clocking Mode 2. 

When using a video overlay feature of the CU-G07542, choose Clocking Mode 1 
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5-5-5 Mode with 32K Colors 

This mode supports the industry-standard 5-&-5 RGB mode with 32,768 colors. Each pixel is rep- 
resented by 15 bits containing five bits of Red. Green, and Blue-color information. The input se- 
quence for each pixel is the tow byte first followed by the high byte. 

The first low byte will be taken on the first rising edge of dock occuring after BLANK# has gone 
inactive (high). 

• tn Clocking Mode 2 (HDR[5] s i). all subsequent bytes are clocked in on the rising edge of the 

clock. 

• In Ck)cking Mode 1 (HDR[5] = 0). the tow bytes are clocked in on the rising edige of the dock 
and the high bytes are docked in on the falling edge of the dock . 

This mode ignores the palette DAC's Lookup Table. 

Table A5-2. Pixel Data Pormat in 5-5-5 Mode 



MSB 






HIGH BYTE 














LOW BYTE 






LSB 


15 


14 


13 


12 


11 


10 


9 


6 


7 


6 


5 


4 


3 


2 


1 


0 


X 


4 


3 


2 


1 


0 


4 


3 


2 


1 


0 


4 


3 


2 


1 


0 


X 


RED 


GREEN 


BLUE 



A5.2.2 5-^5 Mode with 64K Colors (XGA^) 

Thrs mode supports the XGA^ 5-6-5 RGB Mode with 65*536 colors. Each pixel is represented by 
16 btts containing five bits of Red, six bits of Green, and five bits of Blue color infomriation. The 
input sequence for each pixel is the low byte first followed by the high byte., by using the Ck>ddng 
Mode 1 or 2. The first tow byte will be taken on the first rising edge of dock occurring after BLANK# 
has gone inactive (high). 

• In Clocking Mode 2 (HORfS] = 1), all subsequent bytes are docked in on the nstng edge of 

dock. 

• In Clocking Mode 1 (H0R[5] = 0). the low bytes are docked in on the rising edge of the dock, 
and tne high bytes are docked in on the falling edge of the dock. 

This mode ignores the palette DAC*s Lookup Table.. 

Table A5-3. Pixel Data Format in 5-6-5 Mode with 64K Colors 



, MSB 

j 




HIGH BYTE 












LOW BYTE 




LSB 


15 14 


! 13 


12 


11 


10 


9 


8 


7 1 6 


5 


4 


3 


2 


1 


0 


•43 


1 2 


1 


0 


5 


4 


3 


2 1 1 


0 


4 


3 


2 


1 


0 


RED 


GREEN 






BLUE 
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A5.2.3 8-8-8 Mod« with 16.8 Million Colors (Truo Color Modo) 

This mode supports the tndustry-standard 8*8-8 RGB Mode with 16,777,216 colors. Each pael is 
represented by 24 bits eontainir^g one byte each of Red, Green, and Blue color information. The 
input sequence for each pixel is the low byte (Blue) first, followed by the middle byte (Green), fol- 
lowed by the high byte (Red). 

This mode uses Clocking Mode 2 (HDR{5] » 1). The first low-byte is taken on the first rising edge 
of dock occurring, after BLANK# has gone inactive (high). All subsequent bytes are clocked in on 
the nsing edge of dock. This mode ignores the palette OAC's Lookup Table. . 

Table A5-^. Pheel Data Format in 8-8-8 Mode wtth 16.8 Million Colors 



MSB 

HIGH BYTE 


II1D0L£ BYTC 


u 


>w 


LSB 

BYTE 


23 


22 


21 


20 


19 


18 


17 


16 


15 


u 


13 


12 


11 


10 


9 


S 


7 


6 


5 


4 


3 


2 


1 


0 


7 


6 


5 


4 


3 


2 


1 


0 


7 


6 


5 


4 


3 


2 


1 


0 


7 


e 


5 


4 


3 


2 


1 


0 


RED 


GREEN 


BLUE 



A5.2.4 Mix Mode 

When H0R[4] is set to 1. the pixel data bit [15] will be used to select between 5-5-5 RGB Mode 
and the standard VGA compatible, 256-color mode. 

Table A5-^. Pixel Data Format In &-5-5 Mode of the Mix Mode 



MSB 




HIGH BYTE 














LOW BYTE 






LSB 


15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 


0 


0 


4 


3 


2 


1 


0 


4 


3 


2 


1 


0 


4 


3 


2 


1 


0 


5-5-5 
Mode 


RED 


GREEN 


BLUE 



Table A5-6. Pixel Data Format in 256^olor Mode of the Mix Mode 



1 MSB 




HIGH BYTE 












LOW BYTE 






LSB 


I ^5 


14 


13 


12 


11 


10 1 9 


8 


7 


6 


5 


4 


3 


2 


1 


0 


1 1 


X 


X 


X 


X 


X 1 X 


X 


7 


6 


5 


4 


3 


2 


1 


0 


i 256-Colcx 
1 Mode 


Ignored 


PMtte OACs Lookup- 


tabtol 


npui 
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A6. Memory Configurations 
A6.1 Introduction 

The CL-QD7542 supports scalable 32-bit-wide display-memory configurations, from 1 Mbyte 
to 2 Mbytes, using the following types of DRAMs. 

• 512Kxe 

• 256KX 16-dual-CAS# 

• 256Kx16-duai-WE# 

A6.2 Possible Memory Configurations 

Table A6-1 shows the possible memory configurations that the CL-QD7542 supports. 

For 256K x 16 DRAM configurations, the total display memory can be expanded from 1 M byte 
to 2 Mbytes. The 512K x 8 DRAM configuration must be 2 Mbytes. Some signals of the CL- 
GD7542 change functions according to the DRAM organization that is used. 

For optimum performance, choose multpie-CAS# configurations over multiple WE# configu- 
rations. 



Table A&-1. CL-G07542 Memory Configurations 



Total Display 
Memory Size 


Memo^ 

Bus Width 


DRAMs 


Number 


Type 


1 Mbyte 


32 bos 


2 


256KX16 


2 Mbytes* 


32 bits 


4 


512Kxe 


2 Mbytes'* 


32 bits 


4 


256KX16 



NOTES * The DRAM Corrtrol Register bit SRf\7] m 0 
^ The DRAM Control Register bit SRFTT) « 1 
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.3 Control Signals for Various Memory Configurations 

The following five tables indicate how the CL-GD7542 and the DRAMs must be connected. 



ORAM Pins 
Connected to 

the CL-GD7542 


The CL-007542 Pins Connected to the ORAMs 


To ORAM #1 


To DRAM #2 


To ORAM n 


To DRAM M 


I 0E# 


0E# 1 0E# 


0E# 


0E# 


1 WE# 


WE# 


WE* 


WE* 


WE# 


CAS# 


CASOt 


CAS1# 


CAS2e 


CAS3« 


RAS# 


RASO# 


RASOt 


RASOe 


RASO# 


AODR(9:0) 


MA(9:0] 


MA[9:0] 


MA(9:0] 


MA{9:0] 


DATA 


M0f7:0) 


MD(15:8] 


MD(23:16] 


MD[31J?4] 


Brt Plane 
Stored in Each DRAM 


3 2 


1 


0 



NOTE: This configurauon is Multiple-CAS#, Common-WE# (SRFIO] m 1). 



Table A&-3. 1 -Mbyte Display Memory: Two 256K x 16 DRAMs:. 
— Duat-CAS# Type 



1 DRAM Ptns 
Connected to 


The CL^07S42 Pins 
Connected to the ORAMs 


the CL-G07542 


To DRAM t1 


To ORAM #2 


LCAS# 


CAS2« 


CASO* 


! UCASt 


CAS3* 


CAS1« 


0E» 


0E» 


OEt 


RAS« 


RASO« 


RASO« 


WE» 


WE* 


WE# 


ADDR[e 0] 


MAj6:0) 


MA(6:0I 


A0DRf9 


not valid 


not valid 


DATA 


MDf3i I6j 


M0f15.0) 


Brt Planes 
Storea in Eacn DRAM 


0.1 


2.3 
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Table A6-4. 1-Mbyte Display M«mory:Two 256K x 16 ORAMs 
— Oual-WE« Type 




DRAM Pint 

Confwctod to 


Tht CL«Q07542Pins Conmeted to ttio DRAMs 


To ORAM #1 


To DRAM 92 


LWE« 


WE2t 


WB)# 


UWE# 


WE3# 


WE1« 


0€« 


OE# 


0E# 


RAS« 


RASO* 


RASOt 


CAS* 


CAS« 


CASf 


AOOR[8:0] 


MA(8:0) 


MAfM] 


A0DR[9) 


not valid 


nocvald 


DATA 


M0(31:16] 




BAPtane 
Stored in EACt) ORAM | 


o,t 


Z3 



Table A6-S. 2-Mbytes Diaplay Memory: Four 256K x 16 DRAMs 
— DuahCAS# Type 



ORAM Pint 
Connoctod to 
tho CL-CD7S42 


Tho CL-GD7542 Rtna Connoctod to tho DRAMs 


To ORAM #1 


To DRAM #2 


To DRAM #3 


To DRAM #4 


LCAS« 


CAS2a 1 CASO* 


CAS2f 


CASO* 


UCAS* 


CASd« 


CASit 




CAS1* 


0E# 


0E# 


0E« 


OE« 


0£* 


RAS« 


RASOa 


RASOa 


RAS1* 


RAS1* 


WH# 


WEt 


WE« 


WE* 


WE* 


ADORf6:0] 


UA[e:0) 


MA(8:0) 


MAr8:0] 


MA(8:0) 


DATA 


M0(31 16] 


MD(15:0] 


M0(31:16) 


MD{15:0] 


BitRanes 
Stored tn Eacti ORAM 


0.1 


2.3 


0,1 


2.3 
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Table A6-6. 2«Mbytes Display Memory: Pour 2S6K x 16 ORAMs 



ORAM Pins 


Jhm CL-G07542Pim 


To DRAM #1 


To DRAM #2 


To ORAM #3 


To ORAM #4 


1 LWE# 


WE2f 


WEO* 


WE2f 


WEO* 


1 UWE# 


WE3« 


WEI* 


VVE3* 


WEI* 


! 0E# 


OEt 


OE* 


OEf 


OE* 


RA5# 


RASO* 


RASOt 


RAS1 


RAS1 


CAS* 


CASt 


CAS* 


CAS* 


CAS* 


ADD«(8:0) ' 


MA(8:0] 


MA(8:0) 


MA(8:0| 


MA(8.-0] 


DATA 


M0(31:16) 


MD(15:0| 


M0(31:16] 


M0[15K)] 


Bit Planes 
Stored in Each DRAM 


0.1 


2.3 


0.1 


23 
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A7. Clock Options 
A7.1 Introduction 

The dual-frequency synthesizer in the CL*G07542 generates all the docks needed for the 
memory timing (RAS#. CAS#. etc.). as well as the video dock timing. To derive these internal 
dock stgnaJs. an extemaJ reference dock must be provided to the OSC input of the CL- 
GD7S42. For all calculations in this document ttie external reference dock used is 14.31818 
MHz * 0.01% with a duty cycie of 50 ± 10%. 




XIIRRUS LOGIC 



A7.2 Memory Clock 

Memory Clock (MCLK) is used to generate aJI of the memory timing signals (RAS#. CAS#, 

etc). 

A7.2.1 Default Memory Clock (MCLK) 

The CL-G07542 default memory dock frequency is 44.744 MHz. For the equation in the next 
section, this frequency is equivalent to 19h (25 dedmai). For infonnation regarding the CL* 
G07542's configuration, refer to Appendix A14. 
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A7.2*2 MCLK Programming 

The CL-GD7542 has a programmable memory dock for higher performance. The desired MCLK 
frequency is programmed directiy into SR1FI5:0]. by using the equation below. The MCLK select- 
ed at system reset(1 9h) is vaJid until SR1 F is wntten. 



% 



SMIF 



Enabte BIOS Wrtte 
VCUC from MCUC Soorc* S««Mt 




MHl) 



ngure A7.-1 . Programmable Memory Cloek 

Examples of valid MCLK frequences are shown in following table: 

Table A7-1. Examples of Valid MCLK Frequencies 



SR1F[5:0] 
(DecimaO) 


SRIFTScO] 
(hex) 


MCLK Frequency 
(MHz) 


21 


15h 


37^ 


23 


17h 


41.165 


25 


19h 


44.744 


28 


1Ch 


50.114 



Cirnjv Conndentijl 
Business Informaoun 



CL 28884 



Prebminan Dau Book 



August 26, 1994 

Rev I 1 



CL-GD7542 (Nordic) 

GUIX SVGA LCD CaiuroUer with MVA ^ 




CIRRUS Loac 



A7.3 Video Clock 



The video dock (VCLK) is the fundamental video timing dock in the system. The CRT monrtor tim- 
ing signals (HSYNC and VSYNC) as well as the LCD docks are derived from VCLK. 

A7.3.1 Default Video Clock Source 

The VCLK source is determined by a number of factors, as indicatBd in Table A7-2. MCLK or 
MCLK/2 (one half the frequency of MCLK) as well as four VCLKs can be used as a default VCLK.: 

Table VCLK Sources and Frequencies 



SRIFIS] 


SRIEIQI 


MI5C Register 


Video Clock (Defauto) 


Source 


FfiQuer)ey(MHz) 


0 


X 


00 


vcuco 


2S.1S0 


0 


X 


01 


VCLK1 


28.325 


0 


X 


10 


VCUC2 


41.165 


0 


X 


11 


VCLK3 


36.082 


1 1 


0 


XX 


MCLK 


4^^55 


1 


1 


XX 


MCUC2 


21.477 



m 
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A7.3.2 VCLK Programming 

The four internal VCLX sources can be programmed with two registers each, as indicated in the 
following table. 



VidM 
Ctoek 
Source 


Default 
Frequenqf 

(MHz) 


Numerator 


Denominator 


Poat- 
Scalar 


Reglater 


Dec. 


Hex 


Reglater 


Dec 


Hex 


1 VCLKO 


25.180 


SRB(6:0) 


102 


66h 


SR18(5:1) 


29 


3Bh 


1 


VCLK1 


28.325 


SRqS.O) 


91 


58h 


SR1C(5:1) 


23 


2Fh 


1 


VCLK2 


41.165 


SRO(6:0) 


69 


4Sh 


SR10P:1] 


24 


3ori 


0 


VCLK3 


36.082 


SREI6:0] 


126 


7Eh 


SR1E(5:1] 


25 


19ti 


1 



For each VCLK, a 7-brt numerator (N). 5-brt denominator (D). and 1-bit post scalar (P) determines 
Its frequency according to the equation shown in the following figure: 



SR:B, C. E X 



osc % '\h\ ^ 

VCUC - = ^ (MHz) 



SR:1B,1C.1D.1E 




7 6 5 4 3 2 1 0 

Rgure A7-2. Programmable Video Clock 



Typicaity a large number of numerator/denominator values will program a common frequency 
Tne cnoice among tnese combinations is made emprncaily. Generally, better results will be ob- 
tair sO if tne posi-scatar is programmed to i 
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A7.4 Using MCLK as VCLK 



When MCLK and VCLK are programmed to frequencies '^ry dose to each other (wtthm about 
1%), or to frequencies that are nearty mulfiples of each other, they may interfere with each other. 
This Interference can show up as *jiner' on the screen. The solution is to shut down the VCLK Os* 
dilator and use MCLK (or MCLK/2) as VCLX. The following taUe shows examples of frequencies 
for which thts solution should be used. . 

Table A7-^. Memory Clock Used as Video Clock 



MCLK 


Video Mode 


VCLK 


Selectiofi Crftene 


Frequency 


Source 


SR1PI8:0] 




SR1E(0] 


50.1 


64. 66 at GO Hz 


25 MHz 


MCUC/2 


ICh 


r 




50.1 


58. SC «t 72 Hz 


50 MHz 


MCLK 


lCh 
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Dynamic Video Overlay 
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AB.1 introduction 

The CL-G07542 supports the dynamic video overlay modes, in which the video data from the fea- 
ture connector pixel data bus (Pixel Bus) is overiaid on a pixel^by-pixel basis. The dynamic video 
overlay modes are intended to be used when the CL*G07542 is in Video Mode 5F (640 x 480 x 
256 colors). Other 256-co(or modes may be used as limited by dot dock. 

A8.2 Dynamic Video Overlay Features 

The CL-QD7542's dynamic video overiay has the following functions: 

• VESA pass-through when the FCEVIDEOi pin is driven low 

• On-chrp Window timing generator 

• Dynamic video overiay with Color Key and OVWR# 

The CL-GD7542 supports the standard VESA pass-through function, during which the FCEVID- 
E0# pin is statically dnven low and the video is driven into the Pixel Bus. The entire frame is over- 
laid, and the contents of display memory are (gnorod. While this function is on, the CL-GD7542 
supports only ^-tn-per-ptxel data. 

In the dynamic video overiay configurations, the video from display memory can be overlaid on a 
pixel-by-pixel basis. This feature makes it possible to overiay a portion of the frame and mix the 
VGA video with externally generated video. The term ^dynamic* applies because both the video 
source and the choice of pixels to be overiaid can be changed dynamically. 

In large part, the dynamic video overlay ts made possible by driving the Pixel Bus input pins to the 
valid CMOS levels, and taking video from them to the DAC only when desired. This action elimi- 
nates the tjus exchange time. The CL-GD7542 supports the dynamic video overiay, but it has 
some restnctjons regarding the Color Key feature. 
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A8.3 Overview Of Dynamic Video Overlay 

The Dynamic Video Overtay Modes are intended to be used when the CL-GD7542 is in video 
mode 5F (640 X 480 X 256 colore). Other 2S6-color Modes may be used as limited by dot dock. 
The Dynamic Overtay Modes are chosen by programming the CR1 AI3:2] field according to the 
following table: 

Table A8-1. Dynamic Video Overlay Modes 



CR1A 


Mod* 


[3] 


[2] 


0 


0 


VGA-conpstiM OptriDon 


0 


1 


Oynarrwc Vidoo Ov«rt«y w«h FCEVtOEOt 


1 


0 


DynvTvc \AdM with OVWm and Color K«y 


1 ^ 


1 1 DynftfTM Vib«o Owrtay with Color K«y 



The video data that is introduced into the Pixel Bus is assumed to be 5-5-5 Siera^ or 5-6-5 
XGA™ format according to the value of the Hidden DAC Register. These fomiats are the only 
ones allowed. Refer toTable A8-2. Clocking Mode 1 must be used. 

NOTES: Clocking Mode 1 can be chosen by setting HORIS] to a 0. In aoctang Mode 1, 16-bft/pixei 
modes wtll use both edges of FCOCLK to latch data: The nsing edge wiU latch the least stg- 
nrficant byte. The falling edge win latch the most significant byte. 

Table A8-2. External Video Format 



1 External Video Format 


Hidden DAC Register Value 


5-5-5 


100XXXX, 




110X0000 


1 5-6-5 


110X0001 . 
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A8.4 Dynamic Video Overlay With FCEVIDEOf 




"CIRRUS LOCia 



When the CR1 A(3:2) field is programmed to 01 . the Dynamk: Video Overlay with FCEVIDEO# is 
chosen. The Pixel Bus is switched to inputs: An external video generator must always drive the 
bus to guarantee valid CMOS levels, even when the inputs are being ignored. Each pixel for which 
FCEVIDEOf is low will be taken from the Pixel Bus. There is no requirement that the pixels to be 
overlaid be contiguous (adjacent), either horizontally or vertically. 

The following timing diagram shows the FCEVIDEOt setup and hold times that must be met with 
respect to FCDCLK. FCEVIDEOt has a setup and hold time requirement to guarantee both that 
the desired pixel will be overlaid and the adjacent pixels will not be overlaid. In addition, there is a 
data setup and hold requirement for both edges of FCDCLK (the DAC is in Clocking Mode 1). The 
nsmg edge of FCDCLK will docic the least-significant byte of the pixel. The falling edge of FCDCLK 
wilt ckx* the most-significant byte. 

FCEVIDEOf 
(7S42 INPUT) 



FCPt7:01 
(7S42 mPMT) 



FCDCLK 
(7542 OUTPUT) 




Figure AS-1. FCEVIDEOf Setup and Hold Times 



NOTES 

t , Commarxj Setup to Clock 
ij GommarKJ Hold from Clock 
t3 Data Setup to Clock 
I4 Data Hold from Clock 
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The following pseudo-code fragment shows the registers that must be programmed: 

Call Wr:teDACMode{OxCl» 'Choose 5-6-5 Mode Video (for exainple) 
Cai: SeiReg (CRIA, 0x04 ) 'Overlay with FCEVIDEO# 

Once these two registers have been programmed, each pixel either will or will not t>e overlaid ac- 
cording to the state of FCEVIDEO# 
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.5 On-chip Window Timing Generator 

The CL-GD7542 contains logic to generate a single rectangular window, tf this mode is enabled, 
the window timing comes out on OVWR#. which may be ted back into FCEVIDEOt: The chip 
specifies its own window. 

This mode is chosen by programming CR1B(5] to a 1 . When this bit is set, the blanking term to 
the palette DAC comes from the internal display enable signal, and there is no border. In turn, this 
action frees the Blank Generator Logic, which is used as a window generator. 

The following timing diagram shows how the Blanking Start and Blanking End Registers are used 
to specify either the honzontal or vertical component of the window. The Horizontal Blanking End 
field is extended to eight bits and the Vertical Blanking End is extended to 10 bits. 



SYNC 



DISPLAY _ 
ENABLE 



OVWR» 



BLANKING 
START 



BLANKING 
END 



Figure A8-2. Usage of Blanking Start and Blanking End Registers 



When the vertcaJ timing and the honzontal timing thus generated coincide, OVWR# will be driven 
low mdjcaling the window. OVWR# may be connected directly to FCEVIDEOt if CR1A[3.2) = 11 
(Oynamic video overiay mode with color key only) is never going to be chosen. It CR1A(3,2] = 10 
(dynamic video overiay mode with color key and OVWRi), OVWRt must be driven into FCEVID- 
EOt witn an external three-state buffer to avoid a potential bus collision. 

This method of generating tjmmg has four restnctions that require consideration. 

• There can De no Dorder, tjecause the blank timing g-?neration logic is used for window gener- 
ation Tnts restriction is inconsequential since the VESA timing specifications do not include a 
Dorder 

• Tne resolution of the honzontal component of the window is 8 pixels, since the Horizontal 
Counters operate on an 8- pixel character clock This restnction can be overcome at least in 
pan Dy using FCEVlDEO# and color key overiay. as discussed later. 

• Tnere can De only a single window and it must be rectangular. Cirw 
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• The first or third scanlirie or group of pixels can be chosen as a window boundary, but not the 
second scanfine. 

For dynamic programmir)g of the blank registers, eight registers must be programmed to set up all 
four blank parameters, five of which contain bits related to other functions. The following table 
shows the registers that are involved: 

Table A8-4. Oynamic Programming of Blank Registers 





Blla 


Parmm«t«r 


CR2 


[7:0] 


HoRzortal Blantang Stsft [7:0] 


CR3 


[4:01 


Honzonui Biantang End [4:0] 


CR5 


m 


HortzomaJ Btantong End (5) 


CR7 


[3] 


V«rticAi Blaniong Surt [8] 


CR9 


[51 


VdfteaJ BUntong SUrt (9] 


CR15 


[7:01 


V»fDcal BUnlong Start [7:0] 


CR16 


[7:01 


Vertical Blantor>g End (7:0) 


CR1A 


[7:61 


Vtitical Blaniong End [9:8] 


CR1A 


[5:41 


Horaontal BtanMng End (7:6] 



Ail the foiiowing general scheme is used to dynamically move and resize the window. 

• Obtain copies of the registers containing bits used for other functions (CR3. CR5. CR7, CR9. 
CR1A), and force the blank control bits to zeroes. These values are saved and used as tem- 
plates in the first of two activities. This activity accepts the window co-ordinates and returns the 
value for each register. This routine must isolate and align each field as indicated in the table 
above, and then merge rt with the template that was previousty saved. 

• Accept the values for all eight registers and load them into the hardware. This activity should 
be synchronized with vertical retrace. 

A8.6 Dynamic Video Overlay With Color Key 

Dynamic vtdeo overlay with color key is chosen when the CRI Af3:2] field is programmed to 11 . In 
this mode, the window timing is controlled stnctly by the contents of display memory. If a pixel 
matcnes the contents of the Color Key Register, it will be replaced with the video from the Pixel 
Bus FCEVIOEO# is a noimally a low output in this mode, that goes high for one FCVCLK penod 
tjetore a oixei is replaced If multiple contiguous pixels are to be replaced, FCEVIDEO# will lemain 
hign appropriately 

GRC. The Color Key Compare Register, contains the color key which is compared with the pixel 
from display memory. 

The iouowmg pseudo-code fragment shows the registers that must be programmed to configure 
the CL-GD7S42 tor Dynamic Video Overtay with Color Key: 
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Call WriteOACModtt(OxCl) 
Call SetR«g(CRlA,OxOC) 
Call S«cReg (GRC, ColorKey) 
Call SecRegtGRD^KeyMask) 



CL'GD7S42 (Nordic) 

CUIX SVGA LCD Conxrolkr wUh MVA™ 



'Choose 5-6-5 Mode Video (for exanple) 
'Overlay with PCEVIDE0# 
'Set up the Key 
'and the mask 



Once the CL-GD7542 has been programmed into this mode, the Pixel Bus bits are the inputs and 
must be dnven by an external video generator to guarantee vaitd CMOS levels, even during those 
penods for which the Input Video will not be used. The Pixel Bus does not have intemai pull-ups. 

FCEV1DE0# may be used by an external video generator to determine when the first pixel of the 
window IS about to occur. This would be useful if the external video is to be positioned with respect 
to a rectangular window, rather with respect to the frame. The following dAtLgrm shows the timing 
of FCEV[DEO# and the required timing for the video. 



FCEVIOEOi . 
f7542 OUTPUT) 



FCP[7:0J 
(7542 INPUT) 



FCDCUC 
(7542 OUTPUT) 



\ 




Figure A8^. External Video Timing 



NOTES: 

ii PCDCLK ro FCEVIDEO* Propagation Delay 
\2 Data Setup to FCDCLK 
t3 Data Molcf from FCDCLK 



A8.7 Dynamic Video Overlay with Color Key And OVWR# 



Dynamic Video Overlay with Color Key and OVWRt is chosen when the CR1A[3:2) field is pro- 
?.?^T.«^ "^'"^^"^ '®5uit of tr^e logical AND of the Color Key Companson and 

OVWfl* oeing active tn mis mode. FCEVIDEO# is an input and will be active for pixels that will 
oe ovenatd This mode is intended to restnct the Color Key effect to a specified area 
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User name : 
File name: 
Directory: 
Description : 



SHAW (11) 



nordic_2 . txt 
December 21, 



1998 



Queue : UIDESK/UN:x_UIMKGT 
Server: CLFPCDOlO 



6 : 3 5Dm 
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Nordic - Register Definitions 



General Information. Definitioins and Notes that aoDlv to this document 
General: 

1 . SRxy with odd x, and 0 or1 y are not allowed as they overlap with h/w cursor and icon regis- 
ters. 



Definitions: 

1 . In this document "h/w cursor* = "graphics cursor" 



Notes: 
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1.0 Nordic Special Registers 

1 .1 SR7 - Extended Sequencer Mode 

Bit Definition 

[7:0) Uke in AVGA3 (not like in T1 ) 



1.2 SRF • DRAM Control 
Bit Definition 



[6] Disable Video Memory fast*page mode for CPU cycles 

[5] CRT FIFO 16x32 Depth Selection (default 8x32) 

[7,4,3] Video Memory Width and structure: 

000 = 32bit. 4x512Kx8 

001 = 16bit, 1 x256kx 16 

010 = 32bit. 2 x 256K x 1 6 (default) 

01 1 = resented for 64bit 

100 = 32bit, 4 X 256k x 16. two banks 
101:111 reserved 



[2] Short RAS Timing 3.5/2.5 (default Long RAS Timing 4/3) 



[1) 


Assymetric ORAM support (default: symetric DRAM support) % 


(OJ 


Two CAS 1 6bit 256KX1 6 Memory Chip (default: two WE) % 
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Engineenng Specification 
Nordic - Register Definitions 



Bit Definition 

[7] Disable driving CPU Data Bus dunng first T2 in VL bus or local bus. To be used 

with 20MHz 486DX or DX2 bus with zero wait states. 
Default (reset state) = 1 

This bit allows to optimize chip response for slow buses, reducing the number of 
wait states. 

[il RDY DLY for I/O in ail buses. . 

Default (reset state) = 1 

[5:0] As in 5428 Reference Manual. 
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0. 1 SRI 8 Signature Generator Control Register 



Engineering Specification 
Nordic - Register Definitions 



This registflr is used to control and read-back the status of Nordic signature generators. There are two 
signature generators in Nordic: one for the data path, tnat can be applied to either VGA data path or to me^ 
MVA data path, and one on the dither. NTSC and shader - the panel data path. 



Sit 


Definition 


[7] 


Enable Panel Signature Generator (default = 0) 


[6] 


Reserved - see 5428 Tech Ref. It should do the same thing 


[5] 


Enable Data Generator for the "Video Data Path" signature generator. 




Once Data Generator is Enabled, this bit becomes Signature generator read- 




back bit until the enable is reset by SR18[1]. 




CR3D[7] selects the data path for the signature generator: VGA or MVA. 


[4:2] 


Pixel Bus Select [2:0] 


(1) 


Reset Signature Generators: this bit resets all the signature generators in Nordic 


[0] 


Signal Generator Enable/Status 



Only bits 7 and 6 are new in Nordic, but bit 1 has extended functionality. 
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on SR21 (SR1A in 62XX moved to SR21 in Nordic) 
Bit Definition 



(7) 


One Refresh per Scaniine Select bit 


[6] 


Dual Scan Color STN select bit, requires CR1C panel type brts to point to STN 




panels[6] Dual Scan, Color STN select bit, requires CR1C panel type bits to point 




to STN panels 


[5] 


Reduce CPU Latency by adjusting Half Frame Buffer FIFO Threshold with Mono- 




chrome Dual STN panels[5] Reduce CPU Latency by adjusting Half Frame Buffer 




FIFO Threshold with Monochrome Dual STN panels 


W 


reserved 


[3] 


reserved ?? 


[2] 


Enable test bus to come out to LD.UD. R5 and R4. 


[1:0] 


Select one of the four available test bus branches to be outputed by the chip. 


This bits are to be used by manufacturing test. 
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SR22 


• h/w Configuration (read only) 


Bit 


Definition 




32bits PCI bus no Burst h/w PU configuration on MD24. it ts called "PClNePU" 
(read only bit). 

This is a resen/ed configuration in case burst does not work on a PCI bus 
(this bit was SR2Ar01) 

On hAD23 - PCINBPU. 


[6] 


8bit BIOS (default 16bit BIOS) 
On MD22 - BIOSSPU 

In ISA bus configuration the BIOS is always supported. 


[5] 


46e8[3] sleep (default 3c3 sleep) 

Nordic-lM comes up awake. We need to clear this with the BIOS and dnver 
group. 

On MD21 - S46PU. 


[4] 


Reserved 



[3] select external clocks: MCLK and VCLK on SWO/MCLK/XMCLK and OSC/ 

XVCLK. (default: internal clock synthesizer. SW1 and OSC) 
0 s intennal clocks with the pins used as inputs for panel type switch #1 and OSC. 
If SR23t4] and SR23(0] are 1, VCLK and SWO/MCLX/XMCLK, respectively 
become VCLK and MCLK outputs respectively, for testpurposes (only if 
SR22(3]=0 MCLK can be seen, but VCLK can be seen even If SR22[3]=1 as long 
as SR23[4]=:1) 

1= SWO/MCLK/XMCLK and OSC/XVCLK become XMCLK and XVCLK inputs 
generating directly chip MCLK and VCLK without clock synthesizer The clock 
synthesizers are powered down if SR22(3]=1 . This is CF[4] in AVGA3. 
OnMD19-XCLKPU. 

[2] ' VESA VL bus 50MHz 

On MD18 - FVLPU. 



[1 ] Select ISA bus support (default: 33MHz or less VESA VL) 

On MD17-1SAPU 

If thie bit ia 1 Nordic is in ISA bus configuration and EBROMn/SLEEPIn pin is 
EBROMn output to the BIOS ROM and the BIOS decode at C000:0 is operational. 
If thia bit la 0. EBROMn/SLEEPIn pin is SLEEPIn input and can be used to put 
the chip to sleep (not present on the CPU bus - the same effect as 3C3 or 46E8 
but from a pin). 

[0] Select PCI bus support (default: 33MHz or less VESA VL) 

On MD16-PCIPU. 
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SR23 


• a/w configuration #1 


Bit 


Definition 


[7] 


Enable FCVCLK to drive the internal RAMDAC 


[6] 


SBY/ACTI select bit 


Default: SBY on SoY/acti pin. 


[51 


Suspend/BLl select bit 


Default: 0 s Suspend pin 




1 = Back-Ugfit Input pin 




Enable Output Internal VCLK on VCLK/FCDCLK 


Default: 0 = Output Constant Level L 




If SR23(4) = 1, VCLK is outputed on VCLK/FCDCLK pin independent on SR22(3] 




(extemat/intemal clock selection). 




k rah hd outcut alfio on thd Ffiatura Conector DCLK. if the Feature Connec* 




tor is enabled . Only there is an option to output VCLK/2 on FCDCLK. 


[3] 


Enable Pixel Semi. 2070 I/O Decode on LDEVn 


Default: 0 = I/O address 27C0:27C9 are not decoded by Nordic on LDEVn 




1 = I/O address 27C0:27C9 are decoded by Nordic on LDEVn 




(this bit was on 32KHz/OVRW selection which is no longer needed) 


(2) 


48KB BIOS (default: 32KB of BIOS, when BIOS enabled) 


(1] 


ZERO Wait state for BIOS in ISA (default: one wait state?) 


10] 


Output MCLK on SWO/MCLK/XMCLK pin if SR22(3]=0. 


Default: 0= SWO/f^CLK/Xf^CLK is an input, namely 




SWO = input, if SR22[3] = 0 




XMCLK= input if SR22(3] = 1 
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^^^^^^^^mm^^^^g^^^mi^m^^^^^^^^^^^ Notdtc • Register Definitions 
1 .6 SR24 - Panel Type Switches 

Bit Definition 

[7] VAFCPU (VESA Advanced Feature Connector External Pull-up) 

Read-back. Read only bit. If external pull-up (the bit read-back = 1). then alt 
VAFC pins are configured for Video Port, Otherwise, ihey have other functions, or 
are disabled if no other function. (Disabled « the inputs are foced to the TTL and 
CMOST threshold, controls are off & the outputs are high-2. 
It actually reads back what is latched on Reset on VAFCPU. 

On f^D25- VAFCPU. 

Compressed Live Video Enable bit (SashaPack enable) (default: disable) 



[3] 



Reseved (fui Audio \H enab l e bi t )(f i un i CQ 4 C 1 0 to So r die). (d ef ault: d tjaWefr 
Reseo/ed (fu i Audio Qui e nable bit ) (fian i M erdi e to GG 4 glG). (iJii f auU. dija We^. 
All external Pull-Ups s/w controlled read (on a 1->0 transition) This bit is needed 
for restore operation if total graphics controller power off is used. Also, if the reset 
is too short to read the switches whk^ have large resitence PU/PD, this bit can 
help. 

SW2:0 are directly read on the I/O bus (no latchat reset). So they do not need s/w 

read for sav e/restore. 

[2:0] SW2:0 pins read back (read only bits) 
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Nordic * Register Definitions 

I 1.7 SR25 * Timers S/W Reset, H/W Config. #2 & Packed Modes Register 

Bit Definition 

[7] This bit replaces CF2 (MD18) of 5428. If this bit is set, the internal DAC will 

respond to 8514 OAC Address 2EA-2EO in addition to the standard VGA OAC 
addresses. This bit is reset to zero (default: Os Standard VGA DAC address). 

[6] This bit replaces CFO (MD16) of 5428. It allows to work with an external RAM- 

DAC. It uses EBROM output as External RAMOAC Address Select for 1/0 wmie 
it still decides COOO for memory reads when tn ISA. This is a feature of 5428 
which we chose not to take out for the time beingThis bit is reset to zero. 
DefauJt s 0; Standard VGA DAC address. 

[5] Enable Ibit/ptxel packed mode 

[4] Reserved for "Enable 2bit/pixel packed mode' 

[3] Enable 4bit/pel packed mode 



[2] Faster PCI bus for memory write (imclk less to wait) 



[1] 


Reset Standby Timer (moved from T1 SRStSJ) 


[0] 


Reset BacKtight Timer (moved from T1 SR8[4])SS$ 
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_.. Nordic - Register Definitions 

1.8 SR26 * Least-Significant Byte of Shader Signature 

Bit Oeffnition 



1 .9 SR27 - Most*Significant Byte of Shader Signature 
Bit Oeffnition 



1 .10 SR28:SR29 • New Easy to Access BIOS Scratch Registers #5 & #6 
Bit Definition 

[7:0] Notes on Scratch Registers: 

1 . There are 13 1 8bit scratch registers available in the RAMDAC RAM. They can 
be accessed by programmimg SR12[1]31. They are accessed as any RAMDAC 
RAM register (in groups of 3 i/0 accesses). 

2. Please note that SR9 and BRA are AVGA3 and T1 Scratch Registers #1 and 
#2. Also SR14 and SRI 5 are AVGA3 Scratch Registers #3 and #4 {not in T1). 
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^^.^.Mi^^MH^MM^^^^HH^^^^^^^M^HiB^M Nordic - Register Definitions 
2:0 H/W Icon Registers 

H/W Icon Horizontal and Vertical position are programmed exactly tike the h/w cursor position 
SR12(3]=s1 will make this mechanism address h/w icon, 
SR1 2(31=0 will make this mechanism address h/w cursor. 

Note: in this document "h/w cursor" = "graphics cursor' 
2.1 SR10,30,S0,70,90,B0,D0.F0 - H/W Icon & Cursor Horizontal Position 

Bit Definition 

[7:0] 



2,2 SR1 1,31,51,71, 91. B1,D1,F1 - H/W Icon & Cursor Vertical Start Position 
Bit Definition 



[7:0] 



2.3 SRI 2 - Graphics Cursor Attributes Register (Nordic added bit 3) 
Bit Definition 



[7] Overscan Color P rotect 

[6] Instate all Video Memory Pins (address, data, RAS.CAS.WE.OE) 

0 = no tri-state 

1 = tri-state 

Can be used to share Video Memory with a second graphics controller. 

The memory contents may be lost when switching. 

(5:4) Reserved 

[3] This bit selects CPU access for Icon-position modification versus h/w-cursor posi- 

tion (both honzontal and venicai). 

As for h/w cursor, for h/w icon the horizontal position effect is gated by the vertical 
- position update 

[7:0] Coarse Horizontal Position (in character docks). Select CPU Access to h/w 
icon position update both horizontal and vertical). 
Default s 0 = h/w cursor CPU access. 

This bit does not affect SR2A[6] and SR2E(0] which are always accessible by the 
CPU^ 

[2] Cursor Size Select (32 x 32 or 64 x 64) 
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M^MMM^^M^^^^MMMBHM^^^^^MHiiM^MM Nofdic " Registcf Definitions 

[1] Allow CPU Access to OAC Extended Colors 

[OJ Graphics Cursor Enable 
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Bit Definition 

[7:5] These bits select the low-order bits of veticai position; i.e.. the fine position (m 

VCLK). 

Since h/w cursor works only in graphics, three bits are enough in most cases for 
an 8-dot character clock. However, h/wMcon needs more fine bits, since it works 
in text which can be an 8. 9 or I0-dot character clock. 

SR2A[6] is the msb for fine position for h/w icon, to be used with 9 and 10-dot 
fonts. Actually, Ww cursor needs to be positioned within ten dots when honzontal 
expansion from 640-to-d00 is on. 

SR2E(0] is the msb for fine position for h/w cursor. To speed up whting this reg- 
ister bit, no other bit of SR2E will be used. 

[7:0] Corase Vertical Position (in scan lines). 
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Bit 


Definition 


m 


Icon Test Bit When this bit = *l\ it enables Icon test mode. Relevant icon control 




signals are placed on the test bus. 




Default = 0. 


[6] 


Icon Horizontal Fine-Position Most-Significant Bit[3]. To be used with 9 and 




10-dot character clocks, when In text or in horizontally expanded graphics. 




Since h/w icon position is seldom updated, no effort was made to minimize s/w 




needed to write this icon position bit. 


{5) 


Memory Map Selection for Icon #0 




'0' = map zero. '1 ' = map one) 


[4] 


Enable Vertical-Scan*Line Doubling for Icon #0. 


When enabled, the icon extends down and pushes all the other icons down. 




When this bit = the icon #0 displays 128 scan lines, but each scan line is repli* 




cated. 


(31 


Enable Horizontal Pixel Doubling for Icon #0. 


When this bit = * V. the icon #0 displays 1 28 pixels, but each pixel is replicated hor- 




izontally. The icon extends towards right as we look at it. 


[2] 


Enable Blink for Icon #0 


' V = blink at half text-cursor blink rate. 


[1] 


Display mode selection for Icon #0: 3cotors transpency or 4 colors 




*0' = four colors, '1' = three colors transparent, *00' = transparent 




The h/w icon is always two bits per pixel. This bit controls how these two bits are 




used. 


(0) 


Icon #0 Display Enable: Default s *0' 



Cirrus CoafideDtial 
Business Informatioa 



CL 158155 



Copynght 1993 — Cirrus Logic, inc. 
Rev. 2.0 



16 

Decomber2l, 1998 



Cirrus Logic, inc. Engineering Specification 

I — — — — n^^— Nordic * Register Definitions 
2.6 SR2B - H/W Icon #1 Control Register 

Bit Definition 

[7:61 Resented ^ 

[5] Memory Map Selection for Icon #1 

'0'= map zero, '1 ' - map one) 

[4] Enable Vertical*Scan-Llne Doubling for Icon #1 . 

When enabled, the icon extends down and pushes alt the other (con down. When 
this bit = the icon displays 128 scan lines for icon #1, but each scan line is rep< 
licated. 

[3] Enable Horizontal-Pixel Doubling for Icon #1. 

When this bit s 'V, the icon displays 128 scan lines for icon #1 . but each pixel is 
replicated horizontally. The icon extends towards nght as we look at it. 



[2] Enable Btink for Icon #1 



[1] Display Mode Selection for Icon #1: Sectors transpency or 4 colors 

'0' = four colors, 'V = three colors + transparent, *00' = transparent 
The h/w icon is always two bits per pixel. This bit controls how these two bits 
are used. 



[0] Icon #1 Display Enable: Default ^ V 
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— — ii^^^^— Nordic - Register Defrnttions 

I 2 J SR2C * H/W Icon #2 & PCI Byte Swap Control Register 



Bit 


Definition 


I 4 


Enable PCI bus base register UH, bits 31:24 as defining a valid address range 


for Nordic, Valid only with PCI bus. 




14H base address contents is not decoded as a valid address range 




1= 14H base address ts decoded as a valid address range 


[6] 


Enable byte swap in the address space specified by PCI base address 14H bits 




31:24. Byte zero becomes byte 1 and byte 2 becomes byte 3 and vice-versa 




(byte 1 becomes byte 0 and byte 3 becomes byte 2). Valid only with PCI bus. 


fSI 


Memory IMap Selection for Icon #2 




*0' = map zero, T = map one) 


[4] 


Enable Vertical Scan Line Doubling for Icon #2. 




When enabled, the icon extends down and pushes all the other icons down. 




When this bit ^ T, the icon displays 128 scan lines for icon #2. but each scan line 




fs replicated. 


13) 


Enable Horizontal Pixel Doubling for Icon #2. 




\A/hAn thi^ hit — the icon disoidvs 128 otxAls for icon hut AAch niyAl t< rPoli> 




cated horizontally. The icon extends towards nght as we look at It. 


[21 


Enable Blink for Icon #2 


ni 


Display Mode Selection for Icon #2: Sectors transpency. or 4 colors 




'0' = four colors, M ' = three colors + transparent. 'CX}* = transparent. 




The h/w icon is always two bits per pixel. This bit controls how these two bits are 




used. 


[0] 


Icon #2 Display Enable: Default » 0' 
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2,8 SR20 - H/W Icon #3 Control Register 

Bit Definition 

[7 : 6] Rase n/ed 

[5] Memory Map Selection for Icon #3 

'0' = map zero, '1 ' = map one) - 

[4] Enable Vertical Scan Line Doubling for Icon #3. 

When enabled, the icon extends down and pushes all theother icons down. 
When this bit = *V, the icon displays 128 scan lines for icon #3. but each scan line 
is replicated. 

[3] Enable Horizontal Pixel Doubling for Icon #3. 

When this bit = 'V, the icon displays 128 pixels for icon #3. but each pixel ts repli- 
cated horizontally. The icon e xtends towards right as we look at it. 

Enable Blink for Icon #3 

Display mode selection for Icon #3: 3colors + transpency or 4 colors 
(0 = four colors, 1 = three colors transparent, 00 s transparent) 
The h/w icon is always two bits per pixel. This bit controls how these two bits 

are used. 

Icon #3 Display Enable: Default = 0* 
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..^^.^^.^^^^^MMaaHB— MM^^Mi^^HM Nordic - Register Definitions 
2.9 SR2E - Graphic-Cursor Horizontal*Position Extension Register 



Bit Definition 

[7:1] Not Used: These bits should not be used for anything but additional fine position 
bits for graphic cursor. This way, no masking has to be done in order to wnte bit 
[0] of this register. Since the cursor is wntten all the time, it is important to leave 
these register bit s not used. 

[0] Bit(3] of Honzontal Fine Position tor Graphic Cursor Together with SRX[7.5] as 
bits(2:01 this bits define the honzontal fine position. This bit should be used with 10 
bit character clock (normally used with 800 x 600 panels when expanding horizon- 
tally a 640 dots image). 
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^^^^^^^^.m^^^mm^im^m^^m^ii^^^im^^^^ Nordic - Registcf Definitions 
3,0 Panel Format and Control Registers 

ROx and R1x are reserved (not used like in 62xx) 

Horizontal CRTC Registers Shadowing 

In order to run VGA programs on 800x600 panels, Nordic needs to shadow the horizontal timing 
registers except the display enable end, which is applicaaon dependent. 
(Tl has shadows only for horizontal total.) 

This is because all horizontal liming registers but HDE have to be set-up for 800x600 in order to 
run an 800x600 panel. Symulscan with 800x600 panels runs even the CRT as an 800x600 display 

in all graphics modes. ^ «^ o-, ui u 

In Tl as well as m Nordic, vertical panel registers are mapped at R2x, R3x.... accesible when 
CR2Df7] = L In nordic these registers remam there. 

IN Tl there are two registers: ROx and Rlx which represent HTot shadows, accessible with 
CR2D[7]. They are no longer used in Nordic, but there is a replacement for them, mdepcndent 
ofCRIoi?]. 

In Nordic H Total. H Retrace Start and End, H Blank Start and End are shadowed. Each entity 

has two values to chose from: a value for dclk/2 and a value for dclk not divided by two. The effect 

selection is done automatically based on SRI [3] value, but for access there is a selection bit: 

CR2C[4] to control which of the two sets of registers gets read or wniien. 

Here is a summary of the horizontal shadow registers and its controls: 

CR2C[5] wnte protect for horizontal shadow: ^ ^ 

1 -> wnte both the shadow registers and the correwsponding standard VGA 

registers fields (some registers arc not accessed cntieriy but only m their ummg 

part) 

read back the shadow registers 

0 -> wnte only the standard horiz. timing VGA registers (the shadow registers 
are wnte protected). Changing onlt the value of these registers does not 
have any effect over the CRTC timing, 
read back the standard VGA horiz. timing registers 
CR2C[4] Select the set of horizontal timing shadow registers to be used 

(low rez or normal ). This bit is reutilscd from Tl: it was low power RAiMDAC 
mode - tie now the logic L) . 

0 -> select Ry for access 

1 -> select Rz for access 

To difercntiatc from the Rx registers which stiU exist as in Tl, and are vertical panel registers, we^ 11 
call the two sets of horizontal shadows mapped in the same address space Ry and Rz (Ry = normal, 
Rz = dclk/2 case) 

The effect of Ty and Rz is controUcd by SRI [3] (dclk/2 bit). 

The Horizontal Timing shadow registers are: _ , , , 

ROy^ R02y4 R03y^ (only lower bits) R04y;E R05y,2 (only lower bits) 

When CR2D(71 =1 we can access only the panel registers: R2x,... RBx. In this case we cannot 
access cither the VGA standard registers or the horizontal timing shadow registers. Please note 
that ROx and Rlx are reserved In Nordic Their function is replaced by ROy,z. 

Standard VGA CR0,2,3.4,5 horizontal timing registers (only the dining fields) do not have any 
effect on the CRTC: only the shadow registers have effect. 
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See also CR2D and CR2C description. 



I/O bus 



access if: CR2C[5]=0 



access if: CR2C[4]=0 
CR2C(5]=i 



CRj, 1=2,3.4,5 



access if: CR2C[41=l 
CR2C(5]=l 



Riy. i=2J-,4.5* 



SRl[31 



I 



Ri2, i=2.3».4,5- 



± 



1 



LCD 



i 



i 



Honzonul Timing Vaiues 

\~7 



Honzontal Timing Values 



3.1 R9x • TFT Panel Data Format & Panel Size 



Bit 



Definition 



Reserved 



[6:4] 



[3:2] 



Select a 0 to 7 shift-clock delay from the internal character clock counter (8 VCLK/ 
Character Clock) to TFT panel HSYNC (LLCLK) signal; as in Tl . 

Panel Size: 
'00' = 640 X 480 
'Or = 800x600 
'10'=: 1024x768 
*1V = 1280x 1024 

Please note that Nordic supports only 640 x 480 and 800 x 600 SIN and TFT 
panels. 

[T!o] TFT Panel Type: 

'00' = 9-bit (333); as in Tl 
*10* = 12-bit (444); as in Tl 

*01' a 18-bit (666); was x1 in T1 covering both '01' and *10* !! 
*1 V a 24-bit (888); new in Nordic 



3.2 The foltowing registers. RCx. RDx, REx are additions for 800x600 panels, to R3x. R4x and R5x 
•^LFS Vertical Counter Value Compare" and help with vertical automatic centenng on these panels. 



RCx . LFS Vertical Offset Register for 600 iirtes modes B«S™4?ntmS» 



Bit Definition 



[7:0J LFS signal least significant bits for 600 lines panel & 600 tines mode or any mode- 
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that is vertically expanded to 600 lines. Write protected by CR2D\7]. 



3.3 



3.4 



ROx 


• LFS Vertical Offset Register for S2S lines modes 


SIT 




[7:0J 


LFS signal least significant bits for 600 lines panel & 525 lines mode or any mode 




vertically expanded to 525 lines (like modes 10 and F that have 350 lines). 




Write protected by CR2D(7I' 


REx 


- Overflow bits for RCx and ROx 


Bit 


Definition 


[3:2] 


Most Significant Bits for ROx. Write protected by CR2D(7]. 




Most Significant Bits for RCx. Write protected by CR2D[7]. 
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[7:6] Shade Mapping 

00 -> 18bjt output of LUT upped to 24bit or direct/true color used for dithenng and 

shading 

01 -> green output of the combined 8bit data channel (LUT or True color) goes to 

dither and shader 

10 -> Direct display of Attribute Palette address, bypassing dither .going mrough 

shader. To be selected in text modes as we)) as one and two bit per ptxei 
packed modes . Works with CR20(01 for text. 

1 1 -> Pixel Address (6bit output of Attnbute controller) bypasses dither to go to 

shader. 



[5] 


Reverse Video for Text Modes 


w 


Reverse Video for Graphics Modes 


[3:2] 


Reserved 


[1] 


Text Contrast Enhancement. With R8X[4] defines the same matrix as in 


62XX. 


[0] 


Enable Dithenng (Dsdisable) 
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Bit Definition 



[7:6] LCD Rat Panel Class Select 

00 •> STN Mono Panel 

01 -> grey seal plasma or EL 

10 STN color panels 

1 1 -> TFT color panels 



[5] new Access Hoizontal Timing Shadow Registers Ry and Rz 
Os no access to horizontal shadow registers 

Is access both standard VGA horizontal timing and the horizontal shadow 
registers 

At any time, the shadow registers control the CRTC, In standard VGA on a CRT, 
this bit is 1 and what is written in VGA registers is also written in shadow 
register, so it looks as if standard VGA registers control the CRTC 
but they do not. 

[4] new In T1 this register enabled extra LLCLK for Epson panels this feature is 
no longer needed In Nordic, so the bit changed function: 
SEiect which set of horizontal timing shadow registers is accessed by CPU: 
y (normal) or z (for dot-clock divided by 2). 

0 -> Riy . is0,2,3,4,5 

1 -> Rlz 



I/O bus 
access if: CR2C[51=0 



access if: CR2C[4]=0 
CR2C(5]=1 



access if:CR2C(4]=l 
CR2Ct53=l 



CRi. 1=2.3.4,5 



Rly, i=2,3'.4,5* 



SR1[3] 



I 



Riz, i 5:23*.4.5* 



I 



LCD 



i 



1 



^ Honiontal Timing Values 



Horizontal Timing Values 



[3] Protect CRTC Registers for LCD 



[2] MCLK Suspend Mode Power Down 



[1 ] invert LLCLK Control 



[0] Invert LPS Control ^ . . 
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3.S CR2E • High-Resoiutton Panel Control Register 

Bit Definition 

[7:6] Actual Display Size 

00 = VGA modes 

01 = 800x600 actual display 

10,11 = reserved for 1024x768 and 1280x1024 

The value programmed in this registers affects the expansion mechanism on an 
800x600 panel. If an 800x600 panel is selected at R9X[3:2] (=01) and 
CR2E[7:6]5s0l then the expansion is disabled in graphics modes even if 
CR2E[3,1] expansion bits are on. 



With this mechanism the BIOS does not need to save the status of CR2E[3,1] 
every time it sets mode 800x600 so that it couid restore when going back to 
640x480 modes. 



(51 


Enable Horizontal Centering on Panels: For 800 x 600 and 1024 x 768 panels 


[4] 


Enable 10^ot true fonts. Has effect only in text. 


Default % *0*; disabled 


(3) 


Enable Horizontal Graphics Expansion - that replicates each fourth ptxet. 


Active only if the controller is in graphics mode. This expansion is used to expand 




640 to 800 in 800 x 600 and 1024 x 768 panels. 




Default a '0'; disabled 


[2] 


Enable Horizontal Expansion - of an 8-wide true font to 10 dots instead of the 


normal VGA expansion which is to 9 dots. Has effect only in text mode. 




Default s '0*; disabled 



[1] Enable Vertical Graphics Expansion: For 800 x 600 panels: doubting of every 

odd scan-iine in graphics in 350 and 400 line modes - replicate ever/ forth line m 
480 line modes. 



Default 3 'O'idisabled 

When this bit = *1\ and the controller is in graphics mode, the 800 x 600 expan- 
sion is enabled, and. depending on CR12 contents (with appropriate expansion 
bits in CR07), either odd line replication is enabled, or one tine out of four replica- 
tion is enabled. The comparizon with CR12 should be for smaller or equalll This 
kind of expansion is used in 800 x 600 and 1024 x 768 panels when mnning VGA 
programs, and its purpose is to fill the screen as much as possible. 

[0] Enable 800x600 panel text expansion: Odd scan-line doubling (for 9 x 14 or 8 x 

16 font) or every scan-line tripling (for 8x8 font). 
Default s '0': disabled 

When this bit = *r, and the controller is in text mode, the odd scan-line replication 
is enabled. This kind of expansion is used in 800 x 600 and 1024 x 768 panels 
when ainning VGA programs and its purpose is to fill the screen as much as pos- 
sible. 
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CR2F • Microsoft Windows Chip ID 



Bit Definition 



[7:0] Read only register It reads back a codeTto remain the same for Nordic through its 

entire life. Any application jlike MS Windows or OS/2 should ID Nordic by reading 
this register. For Nordic the read-back code is "CDH*. 



Cirrus Confidential 
Business rnformatioD 



CL 158166 



Copynght 1 993 — Cirrus Logic, Inc. i 27 

Rev. 2.0 December 21, 1998 



Cirrus Logic, Inc, 



Engineenng Specification 
Nordic - Register Definitions 




TV-OUT Registers 



CR30 - TV Out Control Register 



Bit 



Definition 



(7-4] 



Reserved 



[3] 



Configure Nordic and Enablje the TV-OUT mode for Analog! Encoders 
This bit comes out on TV-ON pin 

If this bit is 0, NTSC/PAL pins and CSYNC pin are forced L 



[21 



NTSC/PAL pin value if CR3,b(31 is 1 

If CR30{31=0, the value of this bit does not affect the NTSC/PAL pin. 



[1:0] 



Skew Control for CSYNC gianeration 



GO s no skew 

01 = skew by two dot-clocks on horiz sync start and one dotctock on half line for 
' interlaced j 

1 0 skew by four dot-clocks on honz sync start and two dotclocks on half line for 
interlaced 

1 1 s skew by six dot-ctocks on horiz sync start and three dotclocks on half line for 

interlaced 
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5.0 Registers for Motion Video Architecture 

5.1 CR34 * MVW XS Register 

Bit Definition 

[7:0] MVW Horizontal Start Coordinate XS-<in surrounding pel depth memory cycles) 

The honzontal position is | programmed with 8 pixel resolution (0.8.16. pixels 
starting from the left side of the screen) (up to 1 K pels in increments of 8 pels). To 
get an early warning, we will require XS to be programmed 8 pixels less than the 
actual position: 0 = zero, 1 i= 16 peis, 2 = 24 pels. etc. ^^^^^ 



5.2 CR35 • MVW Horizontal Width XW Register 
Bit Definition 



[7:0] MVW Honzontal Width XW ( MVW pel depth memory cycles) (up to 1K pels m 
increments of 8 pels), Toi get an early warning, we will require XW to be pro- 
grammed 8 pixels less than the actual width: 0 = zero, 1 = 16 pels, 2 = 24 pels, 
etc. width. 



5.3 CR36 - Vertical MVW High Position: Register 
Bit Definition 



[7] Reserved 



[6] Cinepak type YUV to RGB conversion. 

If this bit = 0, YUV to RGB conversion is done according to the standard algorithm 
It this bit = 1 , the YUV to i=^GB conver sion is done based on Cinepak algontm. 

[5] Excess 1 28 for YUV to RGB conversion. 

U and V are integer values expressed as two-th complement or excess 128. 
if this bit ss 0. the YUV to RGB converter assumes that U and V are expressed in 
2-th complement format (as in Philips SAA715B and SAA9051 TV Decoders). 
If this bit =! 1 , the YUV to RGB converter assumes that U and V are expressed in 
excess 128 format 

[4] MVW Memory Address Offset (WMAdOf MSB) 

[3:2] Vertical MVW End MSBs (see CR37) 

[1:0] Verti cal MVW Start MSBs (see CR38) 
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Nordic - Register Definitions 

5.4 CR37 • Vertical MVW Start Register 

Bit Oefinmon ' 

[7:0] Vertical MVW Start YS:? (in taie scan,-Jines not affected by scan-line doubling or 

panel vertical expansion)|10 bits in CR36(1:0] (msbs) and CR37[7:0] (Isbs). 
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Nofclic - Reglstef Definitions 

5.5^ CR38 - Vertical MVW End YE Register 
Bit Definition 

[7:0] Vertical MVW End YE: (aii bits are programmed, in true scan lines) 

10 bits in CR36[3:2] (msb-s) and CR38[7:p] (Isb-s). 



5.6 CR39 - Surrounding Address Offset Register 
Bit Definition 

[7:0] Sunroundlng Address Offj»et: SAdOf (a number to be added ever/ Itne to the 

surrounding CRT Address Counter value to allow it to jump over the MVW without 
counting through it. This allows calculating the surounding restart address.) 'This 
number depends on the surrounding mode resolution. Assuming a maximum line 
of 1024 pels, in increments of 4 pels per address (8-bits/pei). 256 addresses is 
enough for eight bits 



5.7 CR3A • MVW Memory Address Start Register 
Bit Definition | 

[6:0] MVW Memory Address Start: WMAdS in increments of 16KB s 4KW (a phisicai 

address 00000:3FFFF for 1MB or 00000:7FFFF for 2MB Video Memory). 



5.8 CR3B * MVW Memory Address OffsM Register 
Bit Definition 

[7:0] MVW Memory Address Offset WMAdOf (A number to be added to the current 

MVW Start Address to get the next MVW start Address). Having this s/w model 
allows panning through a > targe image for the MVW. The actual image stored in 
memory may be as large as 2K pixels at 16 bits per pixel (two per word) •> 1 0bits. 
1 0bits •> in CR36[5:4] (msb) and CR3B[7:0] (Isb). 
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5.9 CR3C • MVW Pixel Format Register, 



Bit Definition 



[7] 


MVW horizontal zoom (dbubling) 


[6] 


MVW vertical zoom (doubling) 


[5! 


Enable Live Video In Full Screen 


[4] 


Enable Motion Video Window 



[3:0] Encode format for the first Motion Video Window 

Oh = 0000 s 6 bit RGB 3:3:2 going through the palette 
lh = 0001 = 16 bit RGB Sierra (5:5:5) 
2h = 0010 = 16 bit RGB XGA (5:6:5) 
3h = 0011 a 4:2:2 YUV VOUYI V 
4h = 0100 = 4:1:1 YUV linear Y0Y1Y2Y3UV 
5h = 0101 = 4:1 :1 YUV an-ay Y0Y1 Y2Y3UV but Y2Y3 are in next 
scan line 

6h = 01 10 = Sashapak 6 bits for U/L 
7h = 011 1 = Sashapak 8 bits for U/L 
8h:Fh = 0111:1111 = reserved for future formats 



5.10 I 

CR3D - Motion Video Window Horizontal Size Register 
Bit Definition 

[7] MVA Data Bus Signature Generation Selection bit 

0 s selects VGA Data Path for signatire generation 

1 s selects MVA Data Path for signature generation 

[6:0] Motion Video Wondow width in 8 pixel untts 

This register is used to 'specify the honzontat width of the MVW m 8 dot-clock 
units. 

The MVW has to be a m,uitipte of 8 pixels. The value programmed in this register 
is used to terminate the MVW on each scan line. 
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,MMM-MMM~n^MWM»w«MMH-^M«n«M> Nordtc " Registef Definitions 
6.0 Registers for Panel Horizontal Timing Control 



This set of four registers are used to generate horizontal panet timing with $40x480 or 800x600 
panels and to center hon2onlally a 640dots or 720dcts picture on an 800x600 panel. 

6.1 CR40 - No Center Panel HOE Start Register 

Sit Definition 

[7:01 Pan©* Honzontal Display Enable Start relative to previous HDE start, tn 4 cot- 

clkoci< units. The dot-clock used is never divided by two. This register is usee :o 
program Panel Line Clock Start and Panel Display Enable Start wtth uom 
640x400 and 800x600 paneis any time no honzontal centenng ts needed. 
Used automatical) y by h/w if CR41 and CR42 are not used. 



6.2 CR41 - Panel HOE Start Register to Center 720 dots 
Bit Definition 

[7:0] Panet Horizontal Display Enable Start relative to previous HDE start, in 4 dot- 

clkock units. The dot-dock used is never divkied by two. The value in this register 
will be automatically used by Nordic to control Panal Line Clock and Panel Hon- 
zontal Display Enable Start anytime a 720 dot mode {text or graphics • RIX mode 
only) is centered on an 800x600 panel. If honzontal expansion ts on.,CR40 (s 
used. 

Used automatwally by h/w if : 

800x600 panet & No 800x600 graphics mode & 6 dot character clock & 
no honzontal expansion 



6.3 CR42 - Panet HDE Start Register to Center 640 dots 
Bit Definition 

[7:0) Panel Honzontal Display Enable Start relative to previous HDE start, in 4 cot- 

clkock units. The dot-ciock used is never divided by two. The value in this register 
will be automatically used by Nordic to control Panal Line Clock and Pane) Hon- 
zontal Display Enable Start anytime a 640 dot mode (text or graphics ) is centered 
on an 800x600 panel. If horizontal expansion is on, CR40 is used. 
Used automatically by h/w if : 

800x600 panel & No 800x600 graphics mode & (9 dot character clock + honzontal 
display enable >s 50H ) & no expansion 
no horizontal expansion 
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6.4 CR43 • Panel HDE Dot*Clock Skew Control Register 

By programming this skew, it is possible to compensate internal delays on Panel HDE for diferent 
types of panels. If all delays are matched the skew fields should be zero to align with character 
clock. 

Automatic switching between these three registers will be done based on CRTC and Sequencer 
programming and the type of panel used 
{640 X 480 or 800 x 600). 



Btt Definition 





[7:6] 


Panel Une Clock Width: 




'00' = 4 dot-Clocks 






\J^ =0 OOl-ClOCKS 






*10' = reserved 






s reserved 




(5:4] 


CR42 value fine (dot-clock) skew: 




.'00' = no skew 






*0V s delay Panel HDE start by one dot-dock 






*10* = delay Panel HDE start by two dot-clocks 






*1 1 ' s delay Panel HDE start by three dot-clocks 




[3:2] 


CR41 value fine (dot-clock) skew: 




*00' - no skew 






'01 ' = delay Panel HDE start by one dot-clock 






'1 0' = delay Panel HDE start by two dot-clocks 






*1 1 ' = delay Panel HDE start by three dot-clocks 




[1:0] 


CR40 value fine (dot-ciock) skew: 






'00' = no skew 






*0V = delay Panel HDE start by one dot-ciock 






MO' = delay Panel HDE start by two dot-clocks 






*1 r = delay Panel HDE start by three dot-clocks 



Hi] 
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6.5 CR44 Horizontal Panel Display Width Register 

The value in this register is expressed in 4 dot-clocks (never divided by two). 
Btt Definition 

[7:0] Panel Display Width in hex expressed in four dot'dock chunks As »t is used to 

compensate or tntemat delays, this value^is close but not exactly 640/4 or 900/4 



Horizontal Timing for 800 x 600 panel with 640 x 480 picture: 



CRT-HOE 



4dots 



HFIRST 



n 



HWVS T I j 
PHOE 



LLCLK 



Panel H. 



24 dots 



4, 8 or 12 
I dot 



6 dots 



TFT-HSYNC 



640 dots 



Panel HOE Start 



Display Width 4 dots 



docs 



TFT-HSYNC Stan 
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6 6 f:R4S and CR46 are reserved registers. They are in the data base and can be used for future 
needs as control registers. They were put here in case we need one more set of honzontal 
registers for automatic switching between diferent modes. 

CR47 - TFT HSYNC Horizontal Position Register 

TFT HSYNC is about 144 dot-clocks ahead of PanefOisplay Enable Start. This register allows 
to program the exact position in dot-clock/4 from CRT-HDE start to TFT HSYNC Start. This set- 
up is independent of character clock width and dot-dock divide by two control. TFT HSYNC 
pulse width is 8 dot-ctkocks. 



Bit Definition 



[7:0] 



XP7 HSYNC start position in doc-clock/4, relative to actual panel honzontal dis- 
play enable start. 
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6,7 CH48 • TFT HSYNC and Panel Height Overflow Register 



Bit 


Definition 


[7] 


Reserved 


[6] 


Resen/ed for 1024 panels 


[5:4] 


Bits 9 and 10 of CR4A (Single Scan Panel Size and Dual Scan Lower Panel Size) 


[3] 


Reserved for 1024 panels 


[2] 


Bit 9 of CR49 - mid dual scan panel size (upper half size in scan-lines) 


[1:0] 


TFT HSYNC dot-clock skew 0:3 


This register allows to position TFT HSYNC with dot-clock resolution. 
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6.8 CR49 - Dual STN Panels Upper Half Vertical Size Register 



Bit Definition 

[7:0] Least Significant 8 bits of the Upper Half Vertical Size (in scan lines). 

This is relative to the start of the Vertical Rrst pulse - the start of the panel vertical 
display, which in centering is ahead of the actual vertical display. 
Bit 9 is CR48(2]. This allows up to 51 1 lines to be displayed in the upper half. 
Please note that this are actual displayed lines (unlike the extra lines programmed 
in CR4B. Program mid -1 in this register (239lines programmed for 240 lines dis- 
played). 
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6.9 CR4A • Dual STN Panels Lower Half Vertical Size Register 



Bit Definition 

[7:0] Least Significant 8 bits of the Lower Half Vertical Size as well as 

of the Single Scan Panel Vertical Size (in scan lines). 

This is relative to the start of the Vertical Mid (dual -scan) or First (single scan) 
pulse. 

Bits 10 and 9 are in CR48[5:4]. This allows up to 1024 lines to be displayed m the 
upper half. 

Please note that this are actual displayed lines (unlike the extra lines programmed 
in CR48. Normally the two panel halts have the same number of scan-lines. 
Program last -2 in this register (478 programmed for 480 lines panel). 
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6.10 CR4B - Extra Line Clocks Register 



Bit Definition 

[7:4] Extra Line Clocks added in the UppefHalf 0:1 5 

By adding extra line clocks, panel generated MOD wilt be affected 

This register should be 0 in simulscan. 

The line clocks added are off by one actual scan-line. 

[3:0] Extra Line Clocks added in the Lower Half 0:15 

By adding extra line clocks, panel generated MOD will be affected. 
The line docks added are off by one actual scan-line. 



CR4C - input Resolution Override Register for Dithering 
\ Bit Definiti on 

[7] Enable Input Resolution Override (default disable) 

Normally the graphics mode resolution is decoded and fed to the dither block. 
^ For all graphics modes that go through the RAMDAC RAM - 6bits/gun is automat- 

ically the input resolution. For 5:5:5 RGB or 5:6:5 RGB or 8:8:8 RGB we use 
ttr; a diferent input resolution: 5 for 5:5:5 and 5:6:5 and 8 for 8:8:8 RGB. 

^ In all cases the proper input resolution is automatically selected. 

S If there is a need to overide this value, than we wlill use this bit to enable the over- 

^5 ride and write the new value in bits 3:0. For 8 bit per gun we write 8 (1000), for 6 

bits per gun -> 6 (01 10) and for 5 bits per gun -> 5 (0101). 



3#=J 


[6:4] 


Reserved 




[3:0] 


The binary value of the override input resolution. 




1000 -> 8bit/gun 






0110 -> 6bit/gun 






0101 -> 5bit/gun 
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CR40* Output Resolution Register for Dithering 

Bit Definition ^^^^ 

[7'4] Resen/ed 



[3:0] The binary value of the output resolution for dithenng 

1000->8bit/gun (TFT) 
0110->6bit/gun (TFT) 
01 00 -> 4b!t/gun (TFT or 16 shades STN) 
0011 ->3bit/gun (TFT or 8 shades STN) - 
001 0 -> 2bit/gun (4 shades STN) 
' 0001 ->1 bit/gun (2 shades STN) 
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7.0 Registers for the AUDIO of NQRDIC-1M , 

7.1 GR60 Wave Port Control 1 



Bit 


Definition 






[61 


Reserved 


[51 


Enable audio for host accesses. 


[41 


Select 4215 


(31 


Stereo for reciever (i:e STEREO CODEC) 


[21 


Stereo for transmitter (ire STEREO NORDIC) 


(1:01 


Data Format select 


•00' 16 bit 




'Or 8 bit 




*10' 4 bit 




'11' reserved. 


GR61 Waveport control 2 


Sit 


Definition 


(71 


Reserved 


(61 


Power-down Conttrol: '0' will force low' on PDN. 


(51 


Enable command mode. The 4215 Audio Controller must have been placed in 


COMMAND mode by forcing *low' on D/C* pin. 


(41 


Input level In SOI: in command mode. 


(31 


Output level on SDO: in command mode. 


(21 


Output level on SCLK: in command mode. 


(11 


Output level on FSYNC: in command mode. 


(01 


Output state of D/C* pin. 
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7.3 GR62 • input Audio Threshold setting. 

Bit Definition 

[7:0] Available only for 16-bit mode. Only +VE data is compared: i:e, if msb of left data 

is 'V, no compare is performed. 



7.4 GR6S 

Bit Definition 

[7] Enable Threshold detect mode. 

(6:0) Reserved 



7.5 GR66 - Audio Input Codec Write Pointer • high byte 
Bit Definition 

[7:0] Audio Input Codec write pointer • high byte 



GR67. 


Audio Input Enable and Codec Write Pointer • low byte 


Bit 


Definition 


[7] 


Enable input from codec to audio buffer. 


[6:0] 


Audio Input Codec Write Pointer (low 7 bits of 1 5 bit pointer) 



Cirrus Coafidentiai 

7.7 GR6A . Audio Output Codec Read pointer - high byte Information 
Bit Definition 



[7:0] Audio Output Codec Read pointer high byte qj^ 158182 
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7.8 GR6B - Audio Output Codec Read pointer low byte 

Bit Definition 

[7] Enable output to codec from audio buffer. 

[6:0] Audio Output Codec read pointer (low 7 bits of 15 bit pointer). 



GR6C 


• Interrupt Control. 


Bit 


Definition 


[7:6] 


Reserved. 


[5] 


Standard VGA Internjpt disable. 
'0* = Allow VGA interrupt 
*1' ss Disable VGA inten^jpt. 


[4:2] 


Resented. 


[1] 


Audio Input inten-upt control — > DURING RECORD SESSION. 
'0' = Disable this interrupt source. 

'1 ' = Enable input buffer full OR programmed full Intermpts. 


[0] 


Audio Output intermpt control — > DURING PLAY SESSION. 
'0' = Disable this inten-upt source. 

*1' = Enable Output buffer empty OR programmed empty intermpts. 



7.10 GR6D - Interrupt Status. 

Indicates any active enabled interrupt. Reading this register will dear the intermpt state and reset 
the status. No effect on the standard VGA intermpt status or intermpt. For all of the following bit 
positions, a in the bit means PENDING INTERRUPT. 



Bit 


Definition 


(7:61 


Reserved. 


[51 


Standard VGA Vsync interrupt (state of 3C2(7)). 


[4] 


Reserved. 


[3] 


Record Buffer FULL (OVERRUN). 


(21 


Record Buffer PROGRAMMED PULL 


(1] 


Play Buffer EMPTY. (UNDERRUN) 


(01 


Play Buffer PROGRAMMED EMPTY. 
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7.1 1 GR6E - AUX1 and AUX2 control 

Bit E)efinltion 

[7] Enable Aux Set 1 low*true output on adress match 530-53Fh. 

(6] Enable Aux Sel 2 low-tme output on adress match 388-397h. 

[5:0] Reserved. 



7.12 GR6F * Codec status. 



Bit 


Definition 


[7:4] 


Resen/ed 


[3] 


Timer status (ADI) time slot 6 bit 7 


12] 


Ovenrange (OVR) time slot 7 bitS 


^ [1] 


PIOI input status, time slot 7 bit 7 


[0] 


PlOO input status, time slot 7 bit 6 


GR70- 


Codec control DWORD from Nordic to codec, byte D7:0 


Blt 


Definition 


[7:0] 


Codec control DWORD from Nordic to codec, byte D7:0 



7.14 GR71 * Codec control DWORD from Nordic to codec, byte 015:8 
Bit Definition 

[7:0] Codec control DWORD from Nordic to codec, byte D15;8 
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7.15 GR72 * Codec control DWORD from Nordic to codec, byte D23:16 

Bit Definition 

[7:0] Codec control DWORD fronr^ Nordic to codec, byte D23:16 



7.1 6 GR73 • Codec control DWORD from Nordic to codec, byte D31 :24 
Bit Definition 

[7:0] . Codec control DWORD from Nordic to codec, byte D31 .24 



7.17 GR74:75 - Interrupt value for audio IN buffer. 
Bit Definition 

[7:0] Interrupt value for audio IN buffer When the CODEC reaches the programmed 

adress -1. an intenojpt is generated during the record session. 



7.18 GR76:77 Interrupt value for audio OUT buffer. 
Bit Definition 

[7:0] Interrupt value for audio OUT buffer. When CODEC read pointer reaches the pro- 

grammed adress *1 « an interrupt is generated during the play session. 
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8.0 Registers that Qvertao in T1 and AVGA3- now moved to other 
locations. 



8.1 CR1 B[7,4:2] • Bits are Resen/ed in Nordic 
Bit Definition 

[7,4:2] R1 B in schematics 

All these bits do not seem to be actually used. I do not think that they are needed 
in Nordic. 



8.2 CR1 C(T1 ) - Moves to CR2C 

8.3 CR1 D(T1 ) - Moves to CR2D 

8.4 SH7(n)[6:4] Not used, keep the function of AVGA3, 

8.5 SR8(T1) • Moves bits as follows: 
Bit Definition 

[7] moved to SR23|7] but with reversed polarity (assymtric DRAM) 

[6] remains in SR8(6] (disable MCS1 6* for Video Memory) 

[3] Reserved in Nordic - Suspend inpout is active 'high' (no selectable active polarity 

like in T1) 

[iioj moved to SR24(2:0] (SW2:0 read-back) 

8.6 SRFITKTI) • Not used, iDecomes a constant '0*. 

8.7 SR16<n) - Moves to SR20; Pads Threshold and Power Control 
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9.0 Register Bits of AVGA3 which are not used in Nordtr 

The following register bits are not used in Nordic, though they are in AVGA3 data base. In most 
cases (if not specified othenwise) they can be taken out together with the logic related to them 
When specified, they will be preserved in the data base together with the related logic. 

9.1 SR8r7,S:0] - Used for EEPROM programming - Tiot a Nordic feature 

9.2 GRE[0] - DCLK/2 to Feature Connector 



10.0 Register Bits in T1 not used in Nordic 

10.1 SR7[6:4I 

Switch read back from MD pull-ups in 486 bus, is not used in Nordic. SR7 will have the same 
function as in AVGA3. 

10.2 SR8[3] 

Supend Input active polarity in T1. This is not used in Nordic, since in Nordic SUSP! is always 
active 'high' polarity. 

10.3 SRF[1:0] 

MCLK frequency select in T1 are not used in Nordic: only SR1F is used. See new definition of 
SRF. 

10.4 CR1C[2:0] 

"MCLK Suspend mode power down*, "Invert LLCLK", "Invert LFS' are not used in Nordic. 
Instead, Nordic will always stop .MCLX and VCLK in Suspend, and will have a positive polantv on 
LLCLKandLFS. 



11-0 Register Bits with Simila r, but Different Functionality in Nordic vs, T1 

1 1 .1 CR20(2:1} - Refresh Select 

Refresh Select is almost the same in Nordic as in T1 , but, when '1 1 \ not only RAS and CAS are 
set to high-impedance, but aJI Nordic outputs going to the Memory (MA. MD, WE. OE, CAS, 
RAS) are set to high-impedance. To be used with NEC's GDC option. 
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Panel & FC interface 



Video Memory Interface 




M0i:5( A VAfC PL 

MDI :3I k PCTN8PI 
MD :;i A 8I0MPI 
MDCH 4 S46PL 
MVD02 
MD(3lt 
MO|IS»|AXCLX?(. 
MDIIIIAFVLPI.' 
MDfPl*ISAPl.- 
MD|l6t*PCIPL 
VSS9 

« £3ivCAS3VR£5400ML'l 
WE^fVCASZfl/RESiDQMLI - 

MAi7| 

MAI 11 
MA|:| 
MA( 1 1 
MAMIl 
CASnAl^n 

ftA5lh 

RASIfl . 

VSSM' 
MDI15) . 
MIX14I . 

MDII3[ ' 

MDii:i ■ 

MDIllI . 
MDHOI . 
C\DD4 - 

\fc'EUftfCASUn/R£S40QMUt - 
1* £ "vC AS in/KESJDQM L 1 1 - 



Mem.|~ 
Symh.i — 



MAVDD 
MFILTER 

MAVSS 

MDt6r 
MDIS; 
MVDOl 
MOii| 
MDfli 
HDCt 



171 

it: 

173 
174 
173 
P6 
1-7 
171 
179 
ISU 
I8t 

)s: 

183 
114 
IW - 
IIA 

ir 

\w 

fItV 
t9tJ 
I9t 

192 . 
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NORDIC- IM 
rev.3.2 01/22/94 



Marks the latest ptnout modlflcationiB 
Pins marked RES a ''Reserved". These pins are not used. 



R7:0.G7:0.B7:0 refer to 24bii TFT panels 
SUD7:0,SLD7:0 refer to I6bit Dual Scan Color STN Panels 
sud3:0,sld3: refer to 8bii Dual Scan Color STN Panels 
UD3:0. LD3 0 refer to Dual Scan Monochrome STN Panels 
TD7:0 refer to Monochrome TFT Panels 
For informaiion on other panels, check the attached panel 
_connccuon table. 
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DaTTI) 
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DELTA LIST OVER PREVIOUS PINOUT RELEASED ON : 

08/26/93: 

- no POLT on SW2>P0UT 

- XVCLK moved from SWl/VCLK/XVCLK to OSC/XVCLK. This way SWl/VCLK/XVCLK 
became SWl/VCLK. 

09/06/93 

- All panel pms whose names were not starting with the color panel name were changed such that 
the names start now with the color panel pin (R7, G7, B7 and so on). So it was only a pin name 
change. 

09/12/93 rev. 1.0 and 1.1 

1 . Took-out Whisper Suppon Pins; WWRn, WRdn, WAD[3:0), FPCn. 

2. Reduced the number of CPU Address Pins: ADR(24:271 went*away . Use HIMEM to 
place the chip outside 16MB of memory for linear addressing. 

3. Killed CRTVDD and placed CRT Interface on Host Bus VDD. 

4. Introduced VAFC pms in a unique pinoui configuration in both VESA VL and PCI. 
Added V AFCPU a pull-up to enable VAFC (VESA Advanced Feature Connector). 

ADR127:24] become VAFC pins, and R(7:4], G(7:6] , CLK32K. SUSPI/BU SB YI/ACTI get a configuration 
for VAFC -> total 14 pins. 

SWO/VCLK will be used as VAFC DCLK. losing SWO pin as panel type when VAFCPU is used. 
In PCI bus. no ADR pin will be shared with VAFC. 

ASWOPU will be added on MD pins to replace SWO pin when VAFC is enabled by VAFCPU. SWOPU will 
read-back m the same register bit as SWO. so the BIOS will not feel any modification in the reporung scheme 
The chip wilJ draw more power in suspend with VAFC. 

5 Moved SW2. SW l/MCLK/XMCLK. the two RESERVED pins and TRWn on MVDD to prepare for SDRAM 
pin compatible option in the next Nordic that supports SDRAMs. It looks that we need only 3 more memory 
pins to suppon SDRAM-s so TRWn will not be used. It was moved so it is on the nght VDD bus if needed. 

6. Moved CVDD3. VSS3, VCLK Synth. H/VSYNC, EROMn. SWO per Thomas Hung^s 
request to fit the floor plan. 

1. Added AUXSl on D/Cn as an ootion to be used with CS4231S as CS. 

2. Added AUXS2 on EROMn/VADRn as an option to be used for Sound 
Synthesizer Chip Select 

3. Rearanffcd 5428 FC oins due to a orcvious error : R5 and R4 should not be used with FC. 

- FCPfliOl are shared with G7 and G6. 

- SW2 and the two pins reserved for SDRAM were moved in between Video Memory pms 
and Panel pins and one of them is used as FCES YNCn. ^ 

- OVRWis shared with CLK32K, FCBLANKn is shared with SUSPI and Cirrus Confidential 
FCEVIDEn is on SBYl. Business Information 

4. Renamed the External Clock PU XCLKPU instead of XMCPU. 

lQ/Il/93 rev. L3 

1. Moved some external pull-ups. 

2. Added alternate pin functions on panel pms as well as actual schematic name for engineering 

1. Added TV-OUT (called also NTSC-OUT) pins on the panel pins 152802 

Cirrus Logic Confidential 7 12/21/98 
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in/2S/Q^rgv 1 5 Modifications 

1 . Added TVG on EBR0Mn/AUXS2 and took out V ADR as an option on this pin. 

2. Put back FCESYNCn on RES4SIX:LK as an option (deleted by mistake). 

11/11/93 re V.2.Q Modifications 

1 . Reset became ElESETn, active L to correspond with the defined reset signal for VESA VL and 
PCI. 

2. TFT Panels Data Pins R7:R0, G7:G0» B7:B0 changed and all pins got rotated to get them 
ordered from right to left. Due to this change now Ri=TVRi, Gi=TVGi and Bi=TVBi. 

Q1/Q6/94 rev. 3.0 M odifications 
1 Update Panel Data Pins based on Robin's Table. 

2. Move MOD pm on a Panel Data Pin used in 18bu TFF. 

3. Move OVRW on a 24bii Panel Data Pm. 

4. Removed pin configurauon for TV-OUT support with digital encoders. All pins marked TV... 
were removed. As a result, some pins like LLCLK. LPS, FPDE» FPVDCLK have one funcuon now. 

5. Removed WavePort pins, including AUDVDD: total 7 pms freed. 
AUX2 and TVG muxed on EBROMn are no longer needed cither. 

6. Ac^ded one more CPU address pin: instead of HIMEM, Nordic has now HIMEMO and 
HIMEM I . corresponding to CPU Address 24 and 25 or any other external decode of the high 
order CPU address bits. In the process of adding this pin, most CPU Interface pins on the 
nght side were moved to the nghi by one pin. 

7 Added CRTVDD supplymg HSYNC. VSYNC, CSYNC NTSC/PAL CRT and TV Interfaces 
output buffers. 

8 EBROMn ts shared with TVON. the power-on signal for AD720. So, in ISA bus with on chip 
BIOS support, AD720 power on cannot be directly controlled by Nordic. 

9 Added pms for Analog TV Encoder support - AD720 and MCI 377 : 

a. CSYNC = Composite Sync signal 

b. NTSC/PAL = 1 -> NTSC. 0-> PAL (for AD720, but u is TV Encoder Dependent) 

c. EBROMn/TVON {see #8). 

10 ASWOPU "Alternate Switch 0 Pull-Up" pull-up on pin 155. MD[26] was removed, as SWO 
IS now not multiplexed. 

1 1 . De-muluplexed some of die pins previously mulnplexed: 

a. Pin 168 P^Rn/RES4PMS is now RES4PMS, a pin reserved for synchronous 
DRAM suppoa 

b. SUSPI/BU/FCBLANKn is now SUSPI/BLL not affected by the 
Feanire Connector Enable Configuration 

c. As a consequence of b. pin 97 is FCBLANKn (not muxed with anything). 

Please note that FCEVIDEOn is still muxed widi SB YyACTl as before, as Cirrus ConfideDttal 
Standby Input and Keyboard Activity are less imporunt functions m a system. Business informatioa 

d. SWO IS no longer muxed on VCLK/FCDCLK. So VLK/FCDCLK is a pm 

but It moved to pin 103 in the PVDD area, to be consistent with PC power supply. 

1 2. S W 1 , muxed on MCLK/XMCLK (pin 1 97) became SWO. This is just a name change to have 
the switches placed in a more consistent manner. 
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13. SWI IS now muxed with a reserved pin; RES4CKE. pin 148. which before was totaJly 
reserved. The idea here is to go for pu/pd with SDRAM-s for SW2 and SWl, while keeping 
SWO on MCXK even with SDRAM-s. 
14 Pm 147 IS Reserved. It is actually one of the WavcPort pins, but placed in-bctwecn Memory and Panel VDD 

busses (on MVDD) for maximum flexibility To acheive this, the pins on its nght were moved lo the nghi by one 
FPVEE <BlAS> moved down to pin 98 (it was 105) 

15. TRWn IS now by uself on pin 96, on FPVDD. 

16. The names of all flat panel data pins reflect the panel type table attached to this document. 

Ql/n/94 rev. 3.1 Modifications 

1 . On EBROMn/TVON -> EBROMn/SLEEPIn with SLEEPIn an input which if L puts Nordic 
to sleep (as 3C3[0] and 46E8(3), 

2. TVON is now on RES, but TVON/RES is pin 146 and FCESYNCn/RES4SDCLK is pin 147. 

01/22/94 rev. 3.2 Modifications 

1. Pin 148, RES4PMS which was a pin rcsurved for synchronous DRAM-s, got a function: it is 
now a programable output PRO and it is on FPVDD instead of MVDD. The intention is to 
optionally use this pin to control a switch between 5V and 3.3V, in which case a H level of 5V 
is desirable. My primary choice for this function is actually NTSC/PAL pin which is on 
CRTVDD, but if the TV-OUT option is used in a system and a switch between 5 and 3.3V is 
provided, PRO may be used. 
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Panel Interface Data Formats (compatible with 62xx family except 18/24 bit tft) 



TFT 






STN Color 




24/ 18/12/ 9 bit 




16bit/8bit 


„ dual STN / single TFT 


Name 


Pin DB44# 




R7/R5/R3/R2 


141 


(13) 


SUD3 / - 




R6/R4/R2/R1 


140 


(14) 


SUD2 / - 




R5/R3/R1/RO 


139 


(15) 


SUDl /-- 




R4/R2/R0 


138 


V 10; 


CI inn / 




R3/RI 


137 


(9) 


SUD7 / — 




R2yTlO 


136 


(10) 


SUD6/"- 




Rl 


135 




— 


— 


RO 


134 




— 


— 


G7/G5/G3/G2 


132 


(8) 


SLD7/sud3 




G6/G4/G2/G1 


131 


(7) 


SLD6/sud2 


UD2 /TD6 


G5/G3/G1/GO 


130 


(6) 


SLD5/sudl 


UDl /TD5 


G4/G2/G0 


129 


(5) 


SLD4 / <uHO 


TTTVI / TT\A 


G3/G1 


128 


(11) 


SUD5/ — 




G2/G0 


127 


(12) 


SUD4 / — 




Gl 


126 




— 


— 


GO 


125 




— 


— 


B7/B5/B3/B2 


123 


(4) 


SLD3 / sld3 




B6/B4/B2/B1 


121 


(3) 


SLD2 / sld2 


LD2 / TD2 


B5/B3/B1/B0 


120 


(2) 


SLDl/sldl 


LDl /TDl 


B4/B2/B0 


119 


( 1) 


SLDO / sldO 


LDO/TDO 


B3/B1 


118 








B2/B0 


117 








Bl ■ 


116 (23) 


MOD 


MOD 


BO 


115 








FPVDCLK 


114 


(18) 


SCLK/XCLKL 


SCLK 


LLCLK 


113 


(35) 


LP 


LP 


LFS 


111 


(22) 


FLM 


FLM 


FPDE 


109 


(26) 


— /XCLKU 


/DE 
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NORDIC- IM Design Specification 

by Viad Bril, Robin Han, Sasfaa Egiit, Rakesh Bindlish, Dwarka ParUni. 

JeffOrt 
rev.3,9 October 10, 1993 



LO Introduction & Table of Contents 

Nordic is CiiTUs Logic's Fourth Generation Flat Panel VGA Controller to be markected m 
firsthaif of 1994. 

Nordic- IM is a mid-end member of the Nordic family. It is a GUI AcccUerator with PCI 
support and Multi-Media Features. 

Nordic- IM is targetted for the mid to high end of the Note-book Computer Market and 
for for the energy efficient desk-top computers mother-boards. 
Nordic- IM is not targetted to the adapter market. 

LI Table of Contents 

This Specification will address the following: 

1 . Introduction and Table of Contents 

2. Basic Feature Set 

3. Detailed List of Features 

4. Pinoui and Pin Description 

5. Architecture Specification 

6. Register Specification 

7. Product Implementation Plan 
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2.0 Nordic-IM Basic Feature Set 

1. Flat Panel VGA Compatible GUI Accelierator register and feature compatible to 
5428 and AJpine I A/V. Priority: A (= highest). 

2. 32bit CPU, 32bit Video Memory, 32bit BLT and 32bit CPU to Video Memory Dau 
Path. Priority: A (= highest). 

3. 208 pin QFP package. 

4. Targeted to sample CY Qr94, production CY Q2 *94. Priority: A (= highest). 

5. Target cost: $12 to $10 -> less than 400mjl [f] in C8 Foster City. 

6. Multimedia Features 

• Part of a weU defined System SoiuUon for high perfomiancc CD-ROM video and 
audio playback for the portable market. Priority: B 

• Pan of a well defined System Solution for nud performance low cost live NTSC 
Video and Audio with the NTSC decoder on a PCMCIA card. Priority: B 

• Audio Port to Display Memory: Audio Buffer to Serial Interface for CS4248 Audio 
Codec. Priority: C (CS4215 is not fit for notebook computers). 

• Video Playback decompression accelleratton for CinePak including Color Space 
Conversion (YUV .> RGB). Priority: B ■ 

• Live Video in a 320x240 or 640x480 Window from a propneiaryly compressed TV 
decoded data source (at 30H2) on TFT color panels. Data is stored compressed and it is 
decompressed to 18bit/pel or 24bit/pel in real time at display time. NTSC decoder and 
data compressor is on the PCMCIA card or the PCMCIA controller. Please note that 
due to live video bandwidth requirements on PCMCIA bus. a relatively non-cxpcn- 
ority'^B' ^ ^^^""^ ^^^^ ^ implement this compression algonthm. Pri- 

• Color Key Live Video Overlay based on a 5428-Iike Feature Connector with PCI bus 
(only). 

7. Integrated in Nordic 1-M 

Cirrus Confidential 

• Color Space Converter for CincPak. Priority: B Business Information 

• 1 8bit DAC with direct color capability Priority: A j 46367 

• 24bitRAMDAC with True color capability Priority: C 

• Synthesizers for Video and Memory Clock (65MHz/3V, 1 10MHz/4.5V). Prior- 
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• DAG IRcf Current Source on chip. Priority: C. Boyd and ManShek are working on it 

8. Direct Bus Interface: 

• 32bit VESA-VL bus (and 486 local bus) Priority: A 

• 32bii PCI bus. No on chip BIOS ROM suppon in PCI, Priority: A 

• 16bit ISA bus for demonstraoon and easy system validation. Priority: B 

• 32K or 48KB BIOS ROM suppon in ISA and VESA VL bus. Priority: B (oniy for 
BIOS/ system debug) 

• At least 5 scratch pad registers: optimum 8 scratch pad registers. Priority: A. 

9. Performance Enhancements to achieve 15-20MWininarks at lKx768 8b/pcl: 

• 32bit BitBLT with memory mapped I/O BitBLT registers (as in 5428 ?or Alpine) Prioi- 
ity:A 

• BLT buffer of 8 (©f^ ) bytes for Source (and Destination ?) data, (5428 buffer is 
Sbyies. Alpine is 16bytcs) (as 5428) 

• XIY offset for Pattern BLT (as in Alpine) Priority: C 

• h/w graphic cursor 64x64 (as in 5428) 

• color expansion (as in 5428) 

• hnear memory addressing (as in 5428) 

• 4 stage 32bit wide write buffer and capability to page CPU cycles if accumulated m the 
write buffer (this is already in 5428) 

10. Display Memory: 

• OJMB (}6bit wideU 1 MB or 2MB memory addressing 32bit wide (as in 5428) 

• } or2 256Kxl6 one bank or 4 256Kxl6 two banks (2 CAS symetric. 2 WE asymetnc) 
(as in 5428) 

• maximum memory clock frequency: 50MH2/3V, 65MHz/4.5V Priority: C 

1 l.Flat Panel Support: [Priority: A] 

• Color TFT (24bit, 18bit, 12bit, 9bit) 

• Color Dual Scan and Single Scan STN (16 and 8 bit including dual clock panels) 



• Monochrome TFT (8bii), 

• Monochrome Dual Scan STN (8bit), 

• Monochrome Single Scan (4 and 8bit) suppon 
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• Simulscan with aU Fast Panels (6 JMHz or equivalent) with 32bii wide memory. 
No simulscan with 16bit wide memory with dual scan color panels. 

No simulscan for 3MHz monochrome dual scan panels. 

• 640x480 single and dual scan suppon (Priority:A) 

• 800x600 TFT and no single and dual mono and color STN panel suppon (Pnonry ■ C } 

• 1 024x768 TFT and no single and dual scan STN panel suppon . (Pnonry: D ) 

12. Display Features 

• High quality monochrome and color shading, at least as good as 6440. Priority: A 

• Shading option for fast panels. Priority: B 

• Up to 8, 64x64 Hardware Icons independently mapped color+transparent back- 
ground. Priority: C 

• Whisper Cross-Talk Reduction (If panels will be available in the time frame and if we 
can accomodate it with the shading algorithm}. Priority: C 

• "Office Productivity Booster Dual Display " 640x480 (panel) & 640x480 (CRT) 4 or 
8b/pel or 640x480 (panel) & 1024x768 (CRT) 4 or 8b/pcl Priority: E 

• Vertical Expansion in text and graphics (as in 6235 or 6440) 

• Automatic Centering if not expanded (as in 6235) 

• Grey-Shades Maping options ?? Is this needed ? Priority: D 

• Text Contrast Enhancement opdons. (as in 6235 or 6440) 

• Inking Plane ?? Priority: D 

• 180 and 90 degree image rotation ?? Priority: D 

• 12 and 1 6dots wide font suppon 77 Priority: D 

• h/w offset on hlw cursor 77 Priority: D 

13. Resoiutlons Supported: 

• the same as 5428 at 5V (4.5Vmin) 

• up-to45MH2dotclk (1024x768, 6OH2 interlaced) ai 3.3V 



U.Power Management 

• Mixed 3.3V and 5V operation: memory, host and flat panel independent VDD 

• Green-PC spec support. Prioritv: B i^^'!'""* Conndential 

' - Business iDiormatiOD 

• Stand-by Mode with internal stand-by timer (as in 6235) 
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• Suspend Mode I/O or pin in aD modes (LCD» CRT,Simulscanj 

• Light Sleep ?? - better not for this chip as it requires too much h/w. Priority: F 

• Panel Power Sequencing: automatic or under I/O control (as in 6235) 

• Reduced Active Power in Panel Only Operanon: < 60mAmp @3.3V. PriorityiA 

• Reduced Suspend Current: < O.SmAmp. Priority: A 

2.1 Inputs from the Nordic-IM Features Meeting of 09/10/93 

- 24bit DAC if not too expensive (VAR) 

- mclk @5V max 65MHz, @3V max SOMHz 

- vclk and ^vdclk <5)5V max 85MHz, <a)3V max 65MHz 

- panels: 

- TFT 1280x1024? ##, lkx768 ##, 800x600 ##, 640x480 

24biul8biu 12biu 9bit color 6bit mono 
NEC analog numm'> ## 

- STN 800x600 dual scan color, 640x480 ds color 16bit 

640x480 ss color 8bit 
640x480 mono bit 8bit and 4bit 

- horiz ## and vertical centering 

- normal 9dot font in 800x600 text ## 

- simulscan for 800x600 and lkx768 panels ## (need to run all modes at 
800x600 or 1024x768 rczoludons -> option to clock panel uU h&v Blank } 

- suppon for two alternate fonts 10x24 for 800x600 ( 1 Ox 1 8 actual 
with spacing) and 12x25 for lkx768 ## difficult !! 

> h&v text expansion in 800x600 and lkx768 naneij; ## ^ 

- color text enhancement ## : bright white instead of white 

- on chip cross-talk reduction ## ? - any improvement ? 

- shading look-up tables M ? - only if not too large 

- NO Whisper support even on the bus side • out ! 

• NO one 2S6Kxl6 DRAM support • out ! 

- h/w icon support: with h/w cursor, up to 4 simultaneously. Horizontal position 
controlled in increments of 64 pixels. 

Icon attributes: oWon. 4 colors/3colors + transparent, no_blink/blink. (simple/dou- 
ble). 

H/W cursor goes over the h/w icon (visually). Uses independenly mapped color in 
RAMDAC RAM. Stan at scan-hne 64. 

- PC98 integrarinn? ## - to be negotiated 

• reserve pins for SDRAM-s and CDRAM-s ## 

• NO true dual display^ Cirrus Co&fideDtia) 

Business Information 

2.2 Inputs from Compaq 09/10/93 

• SOMHz 486DX bus 146370 

• 75H2 refresh rate 

- need one 256Kxl6 support with Audio and some video for Contura - build one 
motherboard for Contura and LT Lite. Two DRAM-s only on LT Lite. 
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- think that 8KB/buflFcr of audio buffer is not enough 
• want 10 use Analog Devices for Audio 

' No clear winner on conprcssion. They are watching. Need Indeo driver. 

- Play-back zoom is required. At least pixel repbcanon. 

- Very interested in Compressed Live Video. WAnt to talk more. 

- need h/w icon 64x64 with 3col-ftransparency or 4 color, with pixel repiicaaon to 
128x128, 



23 Inputs from AST 09/15/93 

- They prefer horizontal icon 

2.4 New Features as of 10/04/93 

- 4bii/pel packed support for Windows Chicago 

- Sbit^l video out to the Feature Connector for conversion to NTSC-oui 
with Nordic running 640x480 interlaced mode. 

Another idea was to use some of the panel outputs in this case and extend 
the data out to 16bits. 

- The h/w icon can be horizontal or vertical using the Motion Video Window as implemen- 
tation vechicle -> is it worth? 

- IBM Raleigh asked for 12 and 16dots wide fonts for h/w assisted Kanji. 10/04/93 

- IBM Raleigh asked for 8bii monochrome TFT panel support 10/04/93 



3.0 Important Additions to 5428 Data Base 



1. 32 bit CPU Data bus in VESA VL bus support 

2. PCI bus support 

3. Mono and color, STN and TFT Flat Panel support (incl. hfb). 

4. Live video in a true color window with Windows running in planar VGA mode, 
without a video port (using PCMCIA sUndard bus and Sasha's decompression 
technique). *^ 

5. CINE PAK decompression accelleration 

6. Audio Port support for CS4215 

7. Power Management: panel power sequencing, stand-by mode, suspend mode 

8. Mixed VolUge, 3 JV operation and low active/suspend/standby power 

9. h/w icon support, with a h/w cursor support 

^^ bnlsV^Z^^ improvements: Memory Mapped BLT I/O, pattemning, 16 

Cirrns CoBfidential 
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1 1 .{dual display 2024x768 on CRT with 640x480 on LCD, using the same RAMDAC ] - 
if decided to do now 

4.0 Detailed List of Features 

4.1 WAS: On the Cross Talk Reduction Technique -> not in -IM 

This pan was deleted from Nordic-IM spec starting rev. 3.8 (09/11/93). 



4.2 Green PC Spec Support 

(Based on VESA DPMS Proposal l.Op rev. 0.53 p) 

This specification refferes to OIT Monitor power management. Additionally. Nordic will 



m 



m 



State 


HSYNC 


VSYNC 


Video 
RGB 


Compliaoce 


Power 


Recovery 
Time { 


CRT On 


Pulsese 


Pulsees 


Acnve 


Mandatory 


None 


NA 1 


CRT 
Stand-by 


No Pulses 


Pulses 


Blanked 


Optional 


Minimal 


Shon 1 


CRT Sus- 
pend 


Pulses 


No Pulses 


Blanked 


Mandatory 


Substantial 


Longer | 


CRT Off 


No Pulses 


No Pulses 


Blanked 


Mandatory 


Maximum 


System j 
Dependednt | 



control DAC power constimption. These power management CRT Monitor states arc not 
necessarily related to the graphics controUer power managcmeni states. 

We'll define 2 bits - GRE[2:1] (the same as Alpine) that control HSYNC. VSYNC and 
DAC Power Off signal (or Blankn to the DAC). 
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TABLE 2. GREf2:ll Effect 



GREi2:l) 


CRT 
Suu 


Vsvnc 


HSVDC 


DAC Power 


Nordic 
Power 

ManagemeDt 
State 


0 


On 


pulsing 


pulsing 


on 


acQve 


1 


Stand-by 


pulsing 


staoc at 
MISC[6] inac- 
uve level 


off 


acnve 


2 


Suspend 


stancat 
MISCr7] inac- 
tive level 


pulsing 


off 


acaveor 
stand-by 


3 


Off 


stancai 
Miser?] inac- 
tive level 


staoc at 
MISC(6] inac- 
tive level 


off 


acuve. stand- 
by or suspend 



If Nordic is in its own Suspend mode, the BIOS should program GRE[2: 1]=3 to put the 
monuor (if any ) in the Off state. 

If Nordic is in its own Stand-by mode. CRT Suspend mode should be forced bt the h/w, as 
stand-by is a timer driven mode and no s/w gets to play. 

If Nordic is in LCD only, the BIOS should set GREt2:l] to 3 to power off the CRT that 
may be connected to the notebook computer. 

If CRT only mode and CRT is in stand-by or suspend, the BIOS may reduce the video 
clock and even memory clock frequencies after saving the cunent values. 

Except for the above restrictions. CRT Power Management modes are not related to Nor- 
dic power management modes: they can be independently programmed. 

If MISC bit is programmed for positive polarity, the SYNC signal will be stopped L, oth- 
erwise it will be stopped H, 

4.3 Play-back Decompression Accelleration 

(applicable to Cinepak as well as other compression 
standards) - old, kept here only for reference 
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a) When playback data is compressed on a CD ROM, it is encoded in 24bit/pel YUV with 
crominance sub-sampling. Due to CDROM reduced bandwidth the display window is 
160x120 or 320x240. If this compressed data is decompressed at full pixel depth, u 
should be displayed as 24bit/pel RGB window under MS Windows. As the play-back data 
is sent to the graphics controller from the CPU bus, it has to be placed in Video Memory m 
320KB. 

A standard VGA controller or even GD5428 are able to display the 24bii/pcl play-back 
window only if MS Windows is run in 24bit/pel mode (for instance 1024x768 24bit/pei or 
640x480 24bit/pel) by the driver. Under these conditions, the CPU will have to wnte the 
un-comprcsscd 24bit/pel play-back data in the ^propriatc position in Video Memory, 
condgouus to the entire displayed data. 

So, in order to display 24bit/pel in a play-back window, GD5428 needs the driver to run 
24bit/pel at the maximum display resolution. 

But, in order to run 640x480 at 24bit/pel we need 92 1 .6KB of Video Memory and in order 
to run 1024x768 24bit/pel we need 2359.296KB of video memory. (Please note that 2M of 
memory has 2097.152KB). 

Also, when running windows in 24bit/pcl mode the performance will decrease 3 or 4 times 
relative to 8bit/pel mode, especially when using DRAM as Video Memory. 

b) When running through MS Windows GDI, the driver can play-back data at 15fps or less 
(with a 486 33MHz). It is desirable to play-back data at 30fps. 

This can be accomplished today only if the driver does not go through GDI. 

c) If a picyurc was stored on CDROM at low resolution (160x120 or 320x240) and it 
needs to be "zoomed", it has to be interpolated both horizontally and vcmcally for good 
picture quality. Vertical interpolation is expensive in h/w. Cirrus Confidential 

Business Information 

A3A The Generic Sohitinn ■ old, fnr rgfgrencg nnlv 

Today's Windows Accellcrators run MS Windows, including the play-back window with 
the same pixel depth (8bit/pel), normally going through the RAMDAC, but using a spin 
palette approach with 16 colors reserved for MS Windows and 240 colors reserved for the 
piay-back window. The Cincpak driver writes data in video memory in 3:3:2 RGB format 

(8bits/pel) which is created by the dnver. Because of the s/w overhead involved in decom- 
pression as well as the GDI overhead, it is hard to go beyond 320x240 clips at 15fps. 
though the display quality is much lower than what Cincpak could achieve (240 colors 
versus 16 million colors). 

To run Cinepak with 24pit/pel resolution, today's graphics coniroDers would require to run 
MS Windows in 24bit/pcl mode, requiring almost 1MB in 640x480 and over 2MB-S in 
1024x768 modes. 
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A graphics controller thai could run MS Windows in 8 or 16bit/pei mode while 
displaying only the play-back window in 24bii/pel mode would increase significantly pic- 
ture quality without degrading too much MS Windows performance with play-back, 
would reduce significandy the amount of Video Memory required for the same picture 
quality and would allow a higher frame rate for the play-back. 

Further, if the play-back data is stored in Video Memory in a semi-compressed format that 
reqmres less than 24bit/pci this would further decrease the Video Memory requiremenis 
and it may even reduce the video memory band-width requirements. 

When zooming the play-back window from 160x120 to 320x240 or higher it is important 
to interpolate. Vertical interpolation can be done in s/w but with a relatively large over- 
head. It may be possible to do vertical interpolation on key frames, but there is no practical 
way of doing vertical interpolation on inter-frames either in s/w or with h/w assist on the 
CPU write side of the graphics controller. If s/w driven vertical interpolation on key 
frames is not a solution, then vericai interpolation can be only achived in h/w on the CRT 
read side and this requires eitiier one or two 16bit/pcl line buffers or a big penalty on video 
memory bandwidth (the equivalent of reading 32 or 48bits/pel). 

Horizontal interpolation can be done before play-back data is displayed, without s/w help. 

Please note that there are multiple ways to solve the play-back problems. In Nordic- IM 
wc*ll try to strike a ballance between the complexity of the h/w solution and the quality of 
the play-back image. 

To a large extent, the solution adopted in Nordic- IM will be generic, not tied to Cincpak, 
though it will be first applied to Cinepak. 



4.3.2 Nordic- IM old Play-back Accelleration Solution -> canned, kept here for reference 

a) Nordic-lM will run Cinepak at 1:1 scale exactly the same way as today ^s graphics con- 
troUers: in 8bit/pel MS Windows with 8bit/pel (3:3:2 RGB) play-back window. 

b) Nordic-lM will run 1:2 scale (zoom) in 8bit/pel 1024x768 MS Windows with 24bit/pcl 
(8:8:8 RGB) pixel depth in the play-back window, horizontally interpolated and vertically 
doubled. Play-back data will be stored in video memory as 16bii/pel (YO UOI Yl UOl )' 

ONordic-lM will run at 1:1 scale in I6bit/pel 1024x768 MS Windows with 24bit/pe] pixel 
depth ui the play-back window. Play-back data will be stored in video memory as 16bit/ 
pcKYO UOl Yl UOl ). This mode is good for programs that store data in 320x240 foimat 

Because today large play-back windows look bad, while small ones look OK, this soluuon 
will improve picmre quality to a large extent. 

Cirrus Confidential 
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Concerns: 



Many play-back programs today don'i even have a zoom option. To this extent, mode "b" 
may not be needed. 

Mode c could be implemented today with 16bit/pcl RGB (555) in s/w and the only 
improvement we provide is 24bit/pci capability and h/w color conversion (some level of 
accelleration). So mode "c" may not be needed as a special h/w. 

If this is the case, ma jbe we do not need to do anjthing in h/w for Cinepak ! 

One idea: should we run 24bit/pcl MS windows stored in 4:2:2 (YO UOl Yl UOl ) for- 
mat? This will allow us to run 24bii/pel MS Windows and use 16bit/pcl memory space 
with no loss of quality. The windows driver could compress the data and the h/w could 
decompress it 



4.4 Nordic-IM Motion Video Architecture 

4,4.0 The Problems to Solve & Generic Solutions 

Nordic- IM is supposed to suppon CDROM play-back and live- video under Microsoft's 
Video for Windows. With all of today's VGA Compadbie Graphics Controllers, the play- 
back picmre pixel depth has to be the same as the surrownding MS Windows pixel depth. 
In other words, we have to run MS Windows in a 24bit/pel mode in order to display 24bit/ 
pel in the play-back window. 

The only way we can run today live video is from a Video Pon Feature Connector). In 
this case we'D use an overlay or a color key to define the live video window. 
Due to CDROM player, s/w interface complexity, CPU bus and Video Memory limita- 
oons, only small clips at ISfps or less can be playd-back today. So today we need a lot of 
Video Memory to run small clips in slow motion at low rezolution. Nordic- 1 M will try to 
use less Video Memory, increase the clips size, their resolution and speed. 

Nordic*lM is supposed to suppon: 

- accellcrated play-back for ail popular CDROM compression standards, especially 
Cinepak and Indeo 

- live video from a PCMCIA card in a system with a standard PCMCIA host adapter, 
for a "MuJtimedia-Ready Notebook Computer" 

- live video from a Feanire Connector, preferably VESA Advanced Feature Connector 
compatible, for a Multimedia Notebook Compuier'with ducci NTSC input (full mother- 
board solution). 



What will Norrfic,lM hriny tft th^ Vidi^ n>>»t^> 
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A. Nordic- 1 M will break the dependency between the pixel depth of MS Windows and the 
pixel depth of the live-video / play-back window. By doing so, Nordic-IM will be able to 
run 24bii/pel LV/PB while running MS Windows in 8bit/pel or 4bit/pcl (even planar). 
This will lead to high quality hvc-video and play-back, while minimizing Video Memor\- 
requirements. 

B. Nordic- IM wiU further reduce Video Memory requirements as well as Video Mcmon- 
Bandwidth requirements by storing dau in compressed form: 4:2:2 YUV (16bit/pcl) 4- 1 ■ l 
YUV (12bit/pel) or Sashapak YUV (2.6bii/pel) 

C. Nordic- IM wiU define one architecture and work-frame to run both play-back and live- 
video in a unitary way for both s/w and h/w. 

D. Nordic- IM will support up to two active LV/PB windows at the same time. 

E. By providing h/w YUV->RGB conversion and 1:2 zoom Nordic-IM wiU accelleratc 
playback for most standards, but mosdy for standards that allow us access to their decom- 
pressor like Cinepack (for whose decompressor we have a licence). 

Nordic- IM will not provide Cincpak specific accelleranon (custom BLT). 

On the 1 JYf Video from FMfnr<> rnnni>rtnr ( or V\6pn Pnn\ 
Due to pin-out limitanons^ the VAFC implemenution has to be limitied to 8 pins of data 
requiring external muxing of 16bii data to Nordic. Further, the VAFC solution will be 
restricted to 5428 type suppon: overlay and color key (no memory video port). The only 
additions to the 5428 suppon will be the internal YUV-> RGB converter able to accept 
sequennal 4:2:2 YUV (16bii/pel in avarage: Y0,U,Y1,V) and display it as a 24bit/pel RGB 
m the overiay/color-key window. We may also suppon horizontal 1:2 zoom with avarae- 
ing. Nordic- IM wiU be back-wards compatible to 5428 and it will suppon also 16bit 5-5- 
5 RGB Sierra and 5-6-5 RGB XGA pixel fonnats. As in 5428, live video from the Feature 
Connector can be executed only from mode 5F (640x480 256 colors). 

In the following we wUl refer mostly to the other two modes of opemtion: play-back and 
hve video from a PCMCIA card, which wc'D call compressed live video, because due to 
PCMCL^ bus bandwidth limitanons, we assume that video data received by Nordic is 
compressed with Sashapak (see Sashapak detailes funher in this spec). Please note that 
due to Its huge advanuges, it makes sense to use Sashapak as a mother-board solution too 
The main reason we continue to suppon the Feature Connector based live video is the 
availabihty of drivers for 5428 which will give Nordic an early stan in the live video 
arena. 

Video Mptnnrv Ranri.»iriy{| rnn«ri.intc 

Please note that, even with a 32bit wide Video Memory, there are severe memory band- 
width limitaaons when running 16bit/pel and 24bii/pcl graphics modes. 

Assumming that Nordic- IM does 8 CRT fetches in a row and 1 CPU cycle, for a CRT or 
ifi panel, here are the minimum frequency requirements for memory clock frequency at 
different rczoluuons and pixel depths- 

R-K7P+R=i2m+14m=26m with 1 CPU cycle per CRT FIFO fiU fetches data for 

32B/3B=10pixels ^, ^ . . 
^ Cirrus Conndeotial 
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R+7P = 6nvf 14m = 20m with no CPU cycle during non-display nme 
min mclk freq = 65MH2 / SOMHz @ 640x480 -> Nordic- 1 U upper limit at 5 V CVDD 
= 104MH2 / 80MH2 @ 800x600 •> too high 
= 169MHz / 133MHz @ 1024x768 60Hz -> too high 

16bitypgl: 

R+7P+R=I2m+14m=26m / R+7P = 20m fetches data for 32B/2B=16pixels 
nun mclk freq = 40.6MH2 / 36MH2 @ 640x480 -> OK even at 3V 

- 65MHz / 50MHz @ 800x600 -> Nordic- 1 M upper limit at 5 V CVDD 
= 105MHz / 83MHz @ 1024x768 60Hz -> too high 

12bit/pel: 

R+7P+R=12m-t-14mss26m / R+7P=20m fetches dau for 32B/l,5Bs21pixcls 
min mclk freq ^ 30.9MHz / 23MHz @ 640x480 -> OK even at 3V 

= 49.5MHz / 380MHz @ 800x600 -> OK even at 3 V 
= 80.4MHz / 64MHz @ 1024x768 60Hz -> too high 

8bit/pel: 

R-t-7P+R=12m+14m=26m fetches data for 32B/lB-32pixels 
min mclk freq = 20.3MHz @ 640x480 -> OK even at 3V 

= 40.6MH2 @ 800x600 ->0Kevenai3V 
^ = 52.8MH2 @ 1024x768 60Hz -> OK at 5V 

to We may concluHft that Nordic-IM will be able to run 24bit/pel only at 640x480 rezolu- 

'^il don, 16bit/pel up to 800x600, 12bit/pel up to 800x600 and 8bit/pel up to 1024x768 rezolu- 

^ Don. These results apply only to CRT or TFT and single scan STN panels. 

H Please note that for dual scan STN panels the memory requirements increase significantly. 

1^ These severe memory bandwidth limitations lead us to attempt to minimize video memory 

traffic. If we store Cinepak data in 4:2:2, with an avarage of 16bitypel. independent of 
Cinepak window size, Nordic-IM will not be able to run Cinepak above 800x600. 
Any attempt to execute vertical zoom with interpolation, even with two points inicrpola- 
^ Don will further aggravate this memory band-width bottleneck. The next step should be 

5 lOOMHz SDRAM-s with a large CRT FIFO (32x32) or 64bit wide memory data bus. 

These consideraaons apply to any playback compression standard that stores data in 
p video-memory as 16bit/pel in avarage. The key to a successful compression standard 

g would be one that does decompresssion on the CRT memory read and stores data in mem- 

ory as 8bit/pel or less, in avarage. 

As we store live video at 2.6blt/pel and fetch it as if it was 8bit/pel with Sashapak. 
Nordic*lM should be able to run live video even at 1024x768. 

If we defined a new CDROM play-back standard based on Sashapak. then wc could run 
even 1024x768 with 24bit/pel accuracy and keep it memory as an 8bit/pel. Keith and 
Ken are actually working on it, with Sasha's help. 

Cirrus ConfideDtial 

4.4.1 On Sashapak Information 
Sashapak is a highly assymetric, lossy "Block Truncation" compression algorithm opti- 
mized for visually equivalent image processing. 

Data is procccsscd as YU,V one byte each. U and V are sub-sampled, characterizing one 8 
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by 8 pixel array, while Y is characterizing a 4x4 pixel aray. Actually one of two values is 
assigned to each pixel inside the 4x4 (for Y) and 8x8 (for U and V). 
At compression time, the compression chip detennines a threshold and two values U&L 
for each group of sixteen (4x4) pixels. This way all pixels above threshold will be 
assigned the value U, all pixels below threshold will be assigned the value L. 
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64pixels are described by n 

6x4B=24B=192bits 

=> 3bit/pel 

Using 6bitsforU&L V 
the compression will be 
2.6bit/pel. 
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BITMAP 



U 



BITMAP 



At decompression, the bitmap will control a mux between the U and L values. This way 
the decompression is straightforward. 

The main drawback of this approach is that a BITMAP contains Y data from 4 scan lines 
and U,V data from 8 scan lines. When data is read from memory to be displayed only data 
from one scan line is used. Similarly the U/L values apply to several scan-lines and the 
same value will be read in each scan line. The same data will be read again and again in 
each scan line raising the actual memory bandwidth requirements to an equivalent of 
16bit/pel map. 

In order to overcome this problem and reduce memory bandwidth requirements. Sasha 
proposed a scan line oriented, segregated mode of data organization. This would 
require the Sashapak compression chip to write compressed data in a specific way putmg 
the strain on the compresion chip address generator. The basic principles of the new orga- 
nizations ait: 

1. Data is organised in the MV Window in chunks of 32 sequential pixels. 

a) For 8bit U/L resolution, as one Y covers 4 pixels, 8 U/L sequential values are needed, 
16bits each -> 8xl6/32s4W (8xl2/32=3W for 6bit res. U/L) (where W is a 32bit word). 

b) U and V U/L data is packed together in the same word (16bits for U U/L and 16 bits for 
V U/L -> total 32bits=l W) and as one pair of U and V applies to Spixels, 4 such values 
arc needed for 32 sequential pixels -> 4x32s4W (4xl2x2/32=3W for 6bit res. U/L) 

c) The mask data is also scan-line oriented: all 32bits of Y mask of sequenual 32pixcls are 
placed in one 32bii word and due to sub-sampling on U and V, all 32bits of U and V mask 
of sequential 32pixels are placed in one 32bit word. So in 2W data for 32 sequential pixels 
on one scan line is packed. -> 2W (the same for 6bit resolution for U/L) 

d) For 640x480 window size, even at 8bii U/L resoludon, data for 8 scan-lines fits in one 
DRAM page (symemc DRAM-s assumed): 320WY+80WU+80WV=480W < 512W page 
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SLAs 



480W for one 8x640 puels block fia in one page — 

8B«perU/L 



U/L for Y 



U/L for U,V 


Y bitmaps 


UV bionaps 


1 



tt: solution 



n-MVW^sci 160WSLA*A0h 80W SLA+FOh 160W SLA+I90h 80W Data Grouped 
Where Si is scan-line number i inside the block SO S I S2 ... S7 SO.l .... S6.7 Sc^n Lines 



f) The key to memory bandwidth optimizaiion is the fact the the compression chip will 
organize data sequentially over 32 pixels instead of 8. This will be done for the mask bus 
which will be organized sequcndally by scan line and for the U/L data. This way a 32bii 
word of Mask data contains only information for the current scan line and no extra mem- 
ory fetches are required. The main reason we segregate U/L for Y and UA^ is the faa thai 
we want to use 6bit U/L. In this case it is easier to identify the proper U/L info chained 
within 32bit words if the words arc sequential and we have a fix relationship between 
their address and the 6bit U/L quantides. 

g) If we calculate now the amount of data we need to fetch to display 32 sequential pixels: 

- for 8bii per U/L: 4W (YU/L) + 4W (UV U/L) + IW (YM) + 1 W (UVM)=10W=40B 

«> 40B/32pixels«320bit/32pixels=10bit/pel to fetch from memory 

- for 6bii per U/L: 3W (YU/L) + 3W (UV U/L) + 1 W (YM) + 1 W (UVM)= 8W=32B 

"> 32B/32pixeis = 8bit/^ixel 
This is a very good data fetch ratio, much better than the 16bit/pel we'd get without the 
optimization. 

g) When reading data from the Motion Video Window the controller will generate the fol- 
lowing sequence of addresses, all of them in the same DRAM page (8bii per U/L): 

- fetch the YU/L for the first 32 pixels on scan-line n at addresses: 
MVW_Stan+n*MVW.offset, +K +2, +3 

• fetch the UV U/L for the first 32 pixels on scan-line n at address: 
MVW_Stan+n*MVW.offset+AOh, +1. +2, +3 

- fetch the Y BitMap for the first 32 pixels on scan-line n at address: 
MVW_Stan+n*MVW^offsei-^FOh 

- fetch the UV BitMap for the first 32 pixels on scan-line n at address: 
MVW_Stan+n*MVW_offsct+ 1 90h 

- fetch the YU/L for the first 32 pixels on scan-line n at addresses: 
MVW_Stan+n*MVW_offset+4, +5, +6, +7 

- fetch the UV U/L for the first 32 pixels on scan-line n at address: 
MVW_Stan+n*MVW offset+A0h44, +5, +6, +7 Cirnis Confidential 

- fetch the Y BitMap for tiie first 32 pixels on scan-line n at address: Information 
MVW_Stan+n*M VW_offset+FOh+ 1 

• fetch the UV BitMap for the first 32 pixels on scan-line n at address: 
MVW_Stan+n*MVW.offset+l 90h+l 

- now the MVW FIFO is full. 

• chunks of ten 32bit words will be proccessed for every 32pixels displayed 

- the MVW FIFO gets empty after the first 10 words being read for decompression and 
display. 

Please note that all data for every 8 scanlints starting from the top of the MVW is in the 
same DRAM page. 

Because we have to fetch the MVW Data before we stan displaying it. and because at that 
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time the CRT FIFO docs not empty as fast as it is needed (unless MS Windows is running 
at the same pixel depth as the MV Window), it is necessary to have a separate FIFO for the 
MVW or at least half the FIFO (at least lOW for 8bit per U/L and at least 8W for 6bits per 

U/L). ^ 

h) When we run 6bit per U/L, because the Video Memory band-width requirements are as 
if we were running 8bit/pel we could do vertical zoom with avaraging. But there should 
not be a need for zoom with Live Video because there is enough CPU and memory band- 
width to run 640x480 windo\ys even when MS Windows is run as 1024x768 4 or 8bit/peL 

Conclusion: With Sashapak we can get data organized in memory such that the memory 
bandwidth is as for lObit/pel (8bit U/L) or 8bit/pel (6bit U/L) pixel depth. The actual 
memory area will be close to 3bit/pcl or 2.6bit/pel depending on the resolution of U/L val- 
ues - 8 or 6bits per value. 

Please note that the memory area will be slighUy larger due to the fact that we use only 
480 words in a page of 512. 

4.4.2 YUV to RGB Conversion Algorithm 

The ideal YUV to RGB transformation is: 

R^Y+1.37V 

B«Y+1.73U 

G=Y-0.699V.0.336U 

After defining an objective way of measuring color error. Sasha came up with the follow- 
ing Conversion algorithm: 
R=Y+1.375V=:Y+I 3/8 V 
B=Y^1.75U=Y+1 3/4U 
G=Y-0.375U-0.75V= Y-(3/8U+3/4V). 

This algorithm can be implemented with 8 9bit adders. 

4.4,2 Motion Video Architecture Functional Blocks 

Instead of treating play-back and bve-video as two separate modules. wc*U isolate several 
generic functions to be used by both: 

Cirrus Confidential 

- Display Window Generation Block: Business Information 

allows s/w to define one or two play-back or live video window(s). 
The MV Window is defined in 4bii/pel equivalent CRT Addresses* 

- MVW Stan Address (19bit) 

- MVW Width (max 640pixels => 80 addresses) CRT address after MVW on 
each scan line. 

- The number of memory cycles to be executed at MVW pixel depth on each MVW 

scan-hne (max 320 cycles for 16bit/pcl storage at 32bit^el pixel depth) -> 
scan line end. r r / 

- MVW OFFSET to the stan of the next MVW Scan Line (19bit) 
-MVW En d Address ( 1 9bit) or MVW number of scan-lines (9 bits). 
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Scan-line doubling for "zoom" should be taken into account when designing DWG. 

• Off-screen MV Memory Addressing and Access Control. This includes data type tag 
generanon based on MV memory Address and the circuitry placing the tags m the CRT- 
FIFO, This also includes the MV prefetch cache that makes sure that there is enough 
prefetched MV data before starting and MV scan line display This block has provisions 
for scan line rephcadon by repeating the MV address generated on the previous scan line 
of the MV window (only). 

• One tag bit is generated based on CRT Address and is 1 if the data in the CRT FIFO and 
the pre-fetch buffer is from the MVW, other-wise is 0. This tag bit, called the steering bit 
will be delayed through the entire data path and end up controlling the final video data 
mux just before the DAC 

- MV Data Path and CRT-FIFO Control. This is area wise the largest piece. It consists of a 
new 16bit wide data-path with the same delay as the VGA data path, that takes MV data 
from the MV prefetch cache and the CRT FIFO, treats it appropriately depending on the 
MV data format encoded in the MV tags and converts it to 24 bit YUV first and 24bit 
RGB second. Horizontal zoom with avaraging (or maybe 5 levels of intcrpoiadon> is m 
this block too. 



• Pre-fetch MVW Buffer - is needed in order to pre-fetch scan line data for the Monon 

Video Window every scan-line. Because the MS Windows pixel depth and MVW pixel 

depth don't match, it is necessary to fill in a separate buffer every 

MVW scan line before the CRT-Address Counter reaches the window boundary. 

The buffer will be filled first during vertical non-display rime and later after each VMW 

scan-line display. For Sashapak this buffer has to store data for 32pixels 

(10x32bit for'Sbii per U/L or 8x32bit for 6bit per U/L). 

This funcaon can be implemented as a dinamic size modificadon in of the CRT-FIFO. If 
the CRT-FIFO has 24 stages instead of 1 6 but only 1 6 stages arc used before the MVW but 
It IS switched to 24 when MVW fetches start, there wiU be 8 more stages to fill at that time 
cnsunng more prefetched data in the CRT-HFO at the beginning of each MVW scan-line. 

- Steering logic decode the tags comming out of the special addition to the CRT-FIFO and 
the pre-fetch buffer and controls the decompression, forniatting and serializaaon. 

(they tell the formatter what data is Y, U or V). 

- While switching to display the MVW the CRT Address counter condnues to count at the 
pace set by the graphics mode outside the MVW (4 or 8 bit per pixel normally). The 
counter contenu is compared with the MVW boundaries to detect the end of the MVW. 

- What about the video serializer load and the CRT FIFO read signal? What hapcns to 
them when in VMW? They are one signal today. 

WHEN the data path switched to display VMW data, what hapens with the VGA Video 
Dau Path is don't care as we do not display that data, except for the h/w cursor anf the h/ 
w icon that do not go through the standard>VGA serializer. So wc^U probably stop the 
VGA data path untill the point h/w cursor and h/w icon are combined into iu to save 
power, as we will stop the VMW data path when not in use, for the same reason. 

Nordic-IM Design Spccificauon rev.3.9 October 20, 1993 BuS«^lnf^^^^ T? 

CL 146382 



Cimis Logic, Inc. Confidential Information 



So, the Video Serializer Load may be stopped while VMW data is displayed, but the CRT 
FIFO read will be going on, with a frequency and shape depending on the data format 
loaded in the CRT FIFO for didplay. 

At the beginning of each VMW scan-line, the CRT-FIFO signal read will be applied only 
to the pre-fctch buffer and not to the CRT-FEFO itself (the CRT-FIFO read pointer won't 
change). Subsequently, when the pre-fetch buffer is empty (format dependent), the CRT- 
FIFO read will be applied to the CRT-FIFO read pointer after the data the pointer is point- 
ing to was loaded into the VMW formatter and serializer. 

In RGB 3:3:2 8bit/^l direct color mode CRT-FIFO read will be generated every 4 vclks. 
In standard RGB 5:5:5 or 5:6:5 16bit/pel modes CRT-FIFO read will be generated every 
two vclks. 

In YUV 4:2:2 24bit/pel (YO U Yl V on one scan line) the CRT-FIFO read wiU be gener- 
ated also every two vciics. 

IN Sashapak 10 (for 8bit per U/L) or 8 (for 6bit per U/L) CRT-FIFO read pulses will be 
generated every 32 vclks. 

- The VMW Address Counter, loaded at the beginning of each VMW scan-line with a stan 
address calculated based on the Stan VMW Address and the VMW Address C^set, will 
count at format dependent rate for as long as the CRT-FIFO is not full. Because the CRT- 
FIFO will be emptied faster in the VMW (in general the pixel depth will be higher m the 
VMW) there will be requests for more memory cycles when displaying in the VMW. 

• If either h/w cursor or h/w icon are on, they should be displayed even if the direct data 
path is used. In this case both video data pathes will clock and the steer tag will point to 
the VGA data path when either h/w cursor or h/w icon or both are displayed, even on top 
of a MV window. Please note that neither the h/w cursor, not the h/w icon data go through 
the CRT FIFO or the VGA Data path except for the final pixel address block and the 
RAMDAC RAM, though they have a special path in the RAM. So we could stop most 
of VGA data path (including the internal palette) but not all of it even if we are in 1 6bit/pe] 
mode (the new one that goes through a separate Ifibii data path). 

- If we are in a 16bit/pel mode with no h/w cursor or h/w icon, or in a 640x480 MVW 
mode filling the screen, we can stop the VGA data path to save power. 

- The off-screen MVW memory will be a fix memory array towards the end of the mem- 
ory, but before h/w cursor, h/w icon and the half frame buffer, even the color one. The stan 
of the MVW memory will be fix for a memory size but it will be moving with the memory 
size: 2MB configuration will support enough memory to support: 

- one 640x480 3bit/pcl window or up to two 320x240 3bit/pel (Sashapak) -> 32KW 

- one 640x480 16bit/pel window or two 320x240 I6bit/pel windows 

( 1 53.6KW«6 1 4.4kB out of 256KW or 5 1 2KW available depending on the memory con- 
figuranon) . 

- all of the above at the same time up to a total of two windows though. 

1MB configuration will support: 

- one 640x480 3bii/pel Sashapak window or two 320x240 Sashapak windows or 

- two 320x240 1 6bit/pel windows. 

In general, the MVW off-screen memory stan address is fix, but it can grow into hfb mem- 
ory if there is no hfb. 

r Cirrus Coafidential 
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W? may decide to place the start of the \fVW memory array at either one of two locations 
to optimize for TFT panels versus STN color 

PLcasc note that about 56KW are needed for 800x600 DS Color STN HFB. the h/w cur- 
sors and h/w icons while about 36KW are needed for 640x480 DS Color STN HFB and 
that 

- 640x480 4bit/pei requires 38.4KW 

- 800x600 4bit/pel requires 60KW 

- 1 024x768 4bit/pel requires 98.3KW - 

- 640x480 Sbiv^l requires 76.8KW 

- 800x600 8bit/pcl requires 120KW 

- 1024x768 8bii/pel requires 196.608KW 

Video Motion Formats supported are: 

- 8bit RGB not going through the palette (RGB 3:3:2) 

• 16bit RGB (5:5:5 Sierra and 5:6:5 XGA) not going through the palette -> this is a 16bit/ 
pel that does not require double dotclock ! ! 

-4:2:2 YUV Y0,U,Y1,V for Cinepak (or 4:1: lif proven more useful) 

- Sashapak format (YO-ULM, Yl-ULM. Y2-ULM, Y3-ULM, U-ULM, V-ULM) 

The tags that accompany the motion video data through the CRT-FIFO mark both the data 
format and the type of data inside the format (U/L for Y or Uy or mask for Y or U V in 
Sashapak, YO, Y1,U or V in 4:2:2). 

Note: It may prove simpler to design a system in which the MVW is defined on the Hori- 
zontal and Vertical Counters instead of the CRT- Address. In this case, for the system tobc 
simple we should fetch both normal CRT data and MVW data on the scan-lines on which 
there is MVW data. Other-wise we have to prefetch CRT data during the window. 
The system would have two separate FIFO-s. A MVW wiU be detected during the hori- 
zontal non-dispiay time of the previous scan line and a MVW FIFO fill wiU occur. Once 
the MVW FIFO is empty, a refill will be in order. The CRT FIFO will be refilled before the 
MVW ends unless the CRT FIFO cycles continue normally during the MVW, which 
requires a lot of memory bandwidth. 
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Note: For timing considerations MVW-Stan Address and MVW-Last- 
Address will be programmed as minus 1 or even minus 2 if required, to allow 
early detection of a window boundary. 
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4.5 Feature Connector Support 

Nordic-IM will suppon 5428 Feature Connector so that it is companblc to Media Man- 
ager. 

Nordic-IM will suppon VAFC (Vesa Advanced Feature Connector) in the 8bit VSVTC 
passthrough compatibility mode. 

The main difference bcteen 5428 FC and Nordic FC is the faa that 5428 FC has one 

EDCLKn control pin controlling the direcnoh of the DCLK pin, while Nordic-IM as weU 

as VAFC have a FCDCLK output pin and a FCVCLK input pin. 

Dave Keene believes that 5428 FC is VAFC compatible. To ease the design, I kept 5428 

FC pin names (not VAFC pin names). 

On VAFC comnfltihiltfy here are some comments: 

- GENCLK can be applied on XVCLK if SR22[3]=1. 

But, If SR22[31=1 (select xdk) & SR24r71=l (VAFC enabled), then XMCLK 
should get OSC and MCLK Synthesizer operates normallj, except that the reference 
frequency comes from XMCLK instead of OSC pin. If SR22[3]sl & SR24[7]=0, then 
MCLK comes direcUy from XMCLK pin and the MCLK and VCLK Synthesizers 
are powered-down !! 

- GRDY signal is similar to OVRW. 

- VRDY is similar to EVIDEO if EVIDEO is dinamically switched as a valid data in sig- 
nal. 

- EGENn is not needed if we configure Nordic-IM in the right configuration with 
SR22[3] (XCLKPU) and SR24[7] (VAFCPU). 

- As VAFC maximum FCVCLK frequency is 37.5MH2, VAFC supports a mode in which 
data is sent at 37.5MH2 to the DAC and it each pixel will be displayed twice if the chip is 
running at 75MH2 pixel clock. This allows only 8bit/pel data to be displayed. To display 

1 6bit/pei data we should use both phases of the FCVCLK and pack the data into one pixel. 
I think that this is already done in 5428. if not Man-Shek and Fong-Jim are modifiying the 
5429 RAMDAC to suppon this mode -> we need to suppon u too. 

- VAFC requires FCDCLK to be switchablc under s/w control beteen Ix and l/2x the 
pixel clock. If we took this out of Nordic- 1 M data base, we should put it back, but the 
divide by two should affect only FCDCLK going out of the chip. 

Check VESA VAFC Proposal l.Op rev. 0.31 07/15/93 for VAFC timing info. 

Cirrus Confidential 

NordiclM FC Pin< f pnrtinnal nescription Business Information 

Most of this is from 542X Data Sheet page 3-26: 

VSYNC and HSYNC TO The standard CRT pins m-stated when FCESYNCn is L. 

Thes pins have programable polarity. 

FCBLANKn I/O BLANKn in 5428. If FCESYNCn is H. this is an output 

and it supplies the actual composite BLANKn CRTC signal. 
VAFC requires this to be the composite Display Enable 
(no borders). If this is the case, we'll need a bit for VAFC 
that puu DE = HDE & VDE invened on BLANKn. 



>1M Design Specification rev.3.9 October 20, 1993 

CL 146387 



Cimis Logic, Inc. Confidential Information 



If FCES YNCn is L. FCBLANKn is an input and it forces 
RAMDAC RAM outputs to 0"(black), but it should force 
them black before they go to the panel. 
It seems that by connecting OVRW output to BLANKn as 
input we can display FC data in a window - this will work 
though only if OVRW, internally controls the pixel address 
mux between normal VGA data and the FC data. 
FCP[7:0] I/O P[7:0]in5428. 

If FCEVIDEOn is H, these pins are outputs and 
represent the pixel address of the RAMDAC. 
IF FCEXTDEOn is L, these pins are inputs and represent 
the pixel address to the RAMDAC. 
CR1A[3:2] control the way the FCP[7:0] are muxed with 
the normal data. 

FCDCLK 0 (the actual pin is I/O) ouvpnxs VCLK or VCLK/2 if selected through s/w. 
FCESYNCn I ES YNCn in 5428, Controls HSYNC, VSYNC and FCBLANKn 

(H-> outputs, L-> H/VSYNC are tri-stated, 

FCBLANKn is tii-stated.). 
Nordic does not have EDCLKn input as FCDCLK and FCVCLK are not shared. 

OVRW O OVRW in 5428= Overlay Window, This active Low signaias generated 

by the BLANKn VT and HT logic (shared) and is supposed 
to be used to create an Overlay Wmdow in which data 
from the Feature Connector is displayed. / don't know 
why we output this signal. It should be controlling the 
MUX between the normal pixel address and the FC 
originated pixel address. 

4.6 On WavePort Architecture and Audio Driver 

Starting from Dave Keene^s WavePort Specification, Rakesh. Sasha and Vlad came-up 
with some ideas which could greatly simplify the design work for WavePoa reduction the 
c^piexity and the number of gates of the WavePort. cirrus Confidential 

we 11 Stan with the small issues and move towards more important issues. Business InformatioD 

4.6.1 AUXSl and AUXS2 Pin 

A. Dave proposed to share this pin with PDN (Power Down) WavePon Pin and configure 
it as AUXS2 when using 4231S. 

We nodccd that 423 IS does have a PDN pin which we'd like to use to save power. 
We'll put AUXS2 on another pin. 

B. Dave proposed to have a fully programmable location for AUXSl and AUXS2 CPU 1/ 
O map with a default at 530H and 388H. This is costly (4 registers and fast comparators) 
and very difficult to design at required speed: will slow down address range decode for 1/0 
a lot affecting command to command parameters. 

We suggest to have a fix address for these ports: 530H and 388H. 

Two register bits (one per address) can disable the chip from answering to these 1/0 
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addresses. 

If we are not sure where lo place these ports, we can leave it as a metal option for future 
modificadon or have one more alicmadve for each, but the address should be fix for fast 
decode. 

GR58:GR5B are no longer needed if this opdon is accepted. We'll need two bits to disable 
530H and 388H address decode and eventually two other bits to select other two alternate 
I/O addresses. We should always decode 16 addresses: 530:53F and 388:397 (not 4 or 16) 

4.6.2 WavePort RAV Buffer Location and Size 

To simplify the h/w and reduce vcrificadon work-load , WavePort R/W Buffer Size should 
be fix: 32KB for each, enough for at least 180msec of opcranon -> 90mscc for half buffer. 
Every 90msec the CPU wiD have to fill and/or empty half Audio Buffer (write or read 
respecdvely). 

It is also possible to place the WavePon memory buffer in a fix memory location, common 
for both desloop and portable architectures. We could place it in Memory in the upper pan 
(in high address area), just before the h/w cursor. If the h/w cursor takes the upper 16KB 
of the memory, we could use the next 64KB for the WavePort buffer 
Going down in memory^ in Nordic we*d place the h/w icon in the next 16KB (only 4KB 
needed now... but leave some room for expansion) and the Half Frame Buffer for mono- 
chrome and color panels in the next 32KB and 96KB respectively 

Total: 

96KB for CRTrTFT/SS STN panels, 
128KB for monochrome panels and 
192KB for dual scan color STN panels. 

out of 1 MB or 2MB memory available. 

When the memory is expanded, all these fix components should move automatically in the 
upper side (towards the end of memory). 

This places the WavePort buffer at: 

• for 1MB of memory by 32 (256Kx32 -> 00000:3FFFF) 3B000:3EFFF 

• for 2MB of memory by 32 (512Kx32 -> 00000:7FFFF) 7B000:7EFFF 

If we adopt this solution, GR43 is not needed. ^IZ^l^^^^^^^ 

4.6.3 On Host Access to WavePort Buffer 



In ordCT to ensure independence between the Graphics s/w Driver and the Audio Dnvcn 
taking into account AVGA linutation of no CPU accesses during BLT operation, Dave 
proposed a separate path for WavePon Host Accesses. This involves a separate 4 suge by 
32bii write and read buffer and separate arbitranon for the Audio cycles. The buffer is 
shared by WavePon read and write operations and an I/O to an extension register bit is 
needed in order to switch from a read operation to a write operation or vice-versa. 
Dave also proposed that the host address be dependent on GR6 CPU address map bits 
such that the video and audio address maps don*t overlap. 

Please note that this approach prevenu debug with a Hercules card when in graphics. 
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In the following an altemate scheme is proposed: 

- There is one register bit that enables WavcPon memory write accesses and one register 
bit that enables WavePort memory read accesses. When one of these bits is asserted .the 
chip expects only host accesses for the WavePort: the host address will be automaacaily 
translated to a memory address inside the WavePon buffer. The access will be fully linear. 
32bit only» graphics mode independent (like in extended 8bit/pcl). The Graphics block 
will be forced to this mode and all planes will be automatically enabled. On the Host side, 
the WavePon buffer will be placed always at AOOOrOOOO - AOOO:FFFF -> 64KB with 
32KB for read buffer (the upper side) and 32KB for write buffer (the lower side of this 
64KB segment). 

- The CPU Data Path is the same as for any other CPU cycle: no special FIFO, no special 
arbitration are required. The Audio I>river and The Graphics Driver communicate through 
interrupts: There is an interrupt for BLT completed (Dave*s idea when presented with this 
proposal) and an interrupt for Audio Buffer Full (or Audio Transfer Completed). When the 
BLT is completed, if Audio is enabled on the chip» the BLT Completed interrupt allows 
the Audio Driver to check if there is any need to service the Audio and vice-versa. 

If possible, the Graphics driver should restrict the extent of the BLT operations to less than 
1 60msec or so (leaving at least 20msec to stan filling the WavePon buffer). 

' There i s no on chip CPU WavePon address generation. The CPU address in the range 
AOOOO: AFFFF (incremented by 4 every cycle for DW accesses) is translated to physical 
memory address 3B000:3EFFF If host side WavePon pointers are used, the host address 
is latched and translated for comparison with the Codec pointers generated on chip. 

Adopting this scheme would grcady simplify the extent of the design and verification 
work for WavePon: 8 weeks at least will be saved. 

Cirrus Confidential 
Business Information 



4.6.4 On the Audio Driver 



Dave proposed that the Graphics Controller has h/w to compare the WavePon pointers and 
generate intemipts. The Codec pointers are I/O readable by the host as well as several 
buffer sums bits (Audio-IN buffer FuU, Audio- In buffer half-full, Audio-Oui buffer half- 
empty, Audio-Out buffer empty,...). 

Nordic-IM will support Dave's proposed interrupt driven interface. 
In this case the only important difference for the driver will be that it wUl have to generate 
the buffers address and not rely on the h/w to do this (Dave suggests that CPU will wnte 
and read always the same address AOOOrO or BOOOrO and the acwal address on the host 
side IS generated on the chip - we sugesi to change this and let CPU generate the address). 

Because CPU has to wait untiU the a BLT opcranon is complete and the BLT has to wait 
for Audio buffer to be full or the transfer completed, two more interrupts are needed: BLT 
opcranon completed and Audio transfer completed. This way the Audio Driver and the 
Video driver can communicate with each other. 
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The Read and Write CPU side pointers will be generated by latching the last read and 
write WavcPon CPU address Oower 16bits only) after translation to physical memory 
address. Comparators on the host and codec pointers will generate Buffer Full and Buffer 
Empty signals. 

Jeff On drew our attention to the fact that the driver transfers a certain size block and 
needs an interrupt anytime half of what was placed in the Audio buffer was read by the 
Codec (the play-back buffer is half empty). To make things simple for the h/w, we propose 
to give Jeff an interrupt when the CODEC side playback buffer read pointer reached a pre- 
programmed value, value the driver programs everynme it transfers a block of a certain 
size in the playback buffer For instance, if the driver put 2KB of data in the playback 
buffer starting from phisical address 3B000 (host address AOOOrO) and wants on interrupt 
when the first 1KB was read by the CODEC, it should program 3B0FF in the playback 
interrupt register, as 1KB « 256 32bit words. The register will have 16bits and the driver 
will program BOFF to get an interrupt when the (TODEC reads 3B0FF or 7B0FF playback 
buffer address. 

Similarly, on the record side, there will be a programable interrupt on the CODEC side to 
be used to tell the driver when the Record buffer is half full. 
So we'U need two 16bit indexed registers for these programable interrupts. For each 
WavePon interrupt we also need a status bit to say that the interrupt happened, an enable 
bit to enable the particular interrupt As Dave proposed, GR4D is the Interrupt Status reg- 
ister but bits [0] and [2] will be the programable interrupts sutus bits. The interrupts and 
the status bits will be cleared after this register is read (automatic clear in h/w). 

We could use registers GR58:5B as high and low byte for the programable interrupt 
on Record and Play-back buffers respectively. 



The write-buffer (or Audio-Out snhe one in which the CPU writes) is empty one Wave- 
Pon write cycle to memory after ^^^^ Confidential 

WRBUF-Write-Pointer « WRBUF-Read-Poinier+l Business Information 

(this condition will activate set an empty flag). 
The write-buffer is full one WavePort write cycle to memory after 

WRBUF-Read-Poinier* WRBUF-Write-Pointer + 1 
The same equations apply to the WavePort read-buffer, only this time the read-pointer is 
on the host side and the write-pointer on the Codec side. 
Shouldn't be a Audio-Out buffer full inUrrupt and a status bit for it? 

Threshold detea mechanism will require to increment host pointers, but the CPU is sup- 
posed to read this pointer and generate the proper address when going above the threshold. 
The idea of the threshold detector is that by incrementing the Audio-In read pomter evcry- 
time the write pintcr is incremented if the Audio data is under the threshold value, the 
delta between the pointer remains the same and the buffer docs not fill in with sub-thresh- 
old value. This was true if the half-fuU dercction had been generated based on the delta 
between pointers. After talking to Dave, there are some clarifications to be made on the 
threshold detea mechanism for record: 
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For one record sesion. this is a one tinie event mechanism: if. the threshold was passed 
once after being enabled, its efifect is lost - even if the sound level goes below the thresh- 
old the record buffer read pointer works normaUy. The threshold will help only in the mi- 
aal stage before the first actual voice pattern is detected, but it docs not have any effect 
after the intitial triggering event - once the sound leved passed once the threshold. 

With this driver approach, GR43 and GR58:5B will not be needed. 

Five registers arc saved. Twenty One register are still needed (plus two reserved = 23). 

Another possible approach for tbe driver uses extensively the Vertical Interrupt: 

In this case every Verticai Interrupt, the Audio Driver reads the Codec side pointers, com- 
pares them with the Host side pointers, the driver generates based on the CPU address it 
last wrote to or read from and makes its own decisions. The driver will also check the BLT 
completed status bit 

In other words, every 18msec (@60Hz) , on the Vertical Interrupt the Audio driver can 
process data from the Codec pointers, calculate based on the last address if the WavePon 
buffer is full or empty and decide how many more WavePon accesses to execute. As at 
least 180msec worth of data is in a full Waveport Buffer, the driver has 6 opporrunines to 
find out that the buffer is empty and Stan filling it before half WavePon buffer is empty. 
On chip h/w is still needed to stop sending data to the Codec after sending ail data and to 
read all dau from the WavePon read memory buffer on the host side. Because the CPU 
decides when the buffers are full, half full or empty there is no need for registers for the 
pointers on the CPU side, but the CPU address will still be latched to generate the host 
side pointers. 

The "BUT operation completed" and the "Audio transfer completed" interrupts arc needed 
anyway bacuse we share the data-path for BUT and CPU cycles. 

By adopting this mechanism in the driver, no special h/w is needed to preserve pointers on 
the Host side, to compare the Host side pointers (read and write) with the Codec pointers 
and to generate interrupts and status bits. The only interrupts needed are Sundard VGA 
Vemcal Intemipt as a time base, BLT completed Interrupt and Audio Completed interrupt. 

We can still implement the threshold detect. 
GR44,GR45, GR48 and GR49 won't be needed. 

Nine registers arc saved. Seventeen register are stiD needed (19 with two reserved regis- 
ters). ^ 

Cirrus Confidential 
Business Information 

The above proposal, if OK for the WavePon driver, would reduce significantly the amount 
of design and venfication work on the WavePon. This document was written in order to 
get fMd-back and reach an agreement ASAR Our goal is to have a unique s/w model for 
the WavePoa but we'd like to cut the amount of work if possible. 
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Nine registers are saved. Seventeen register are still needed (19 with two reserved regis- 
ters). 



Conclusion 

The above proposal, if OK for the WavcPort driver, would reduce significandy ±e amount 
of design and verification work on the WavePon. This document was written in order to 
get feed-back and reach an agreement ASAP. Our goal is to have a unique s/w model for 
the WavePon, but we'd like to cut the amount of work if possible. 



4.7 Four Bit per Pel Packed Format 

To fully suppon Windows Chicago, Nodric- IM should suppon 4bit/pcl packed format. 
CPU will be able to write only 8bits or more at a time. To modify only 4biu the CPU will 
do read modify write and mask four bits (bring them from CPU latches). 
The following picture shows the actual format: 
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1-st pel 2-nd pel 3-nJpcl 4.thpci 5-ihpel 6-th pel 7.thpci 8-th pel 



In order to get Nordic- IM to suppon this mode» we need to place the VGA Video Data 
Path in 8bit per pixel mode with pixel doubling (mode 13) but disable the mechanism that 
concatenates adjaisant 4bits to make one 8bit pixel displayed twice (at a divided by two 
RAMDAC VCXK) and disable as well dividing by two the RAMDAC VCLK. 

On the CPU side chain 4 address scrambling should be disabled and data should be 
shifted right like in extended 256 color modes. 

In nordic.regs-rev9.lst we assigned SR26(0] to enable this graphics mode. Cirrus Confidential 

Business Informatioii 

I 4.8 Robin*s Ideas on High Resolution Panels for Nordic-IM 146393 

oL^^^^""^ ^ ^^^^ ^^"^ ^« on 800x600 panels and to cen- 

teran 800x600 picture on 1024x768 panels. Th^ main focus is 800x600 panel suppon 
TFT and dual scan STN. 
In TEXT there will be three options: 
- horizontal and vertical centering with 9x16 fonts (disable 640x480 force to 8dots font) 
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4.7 Four Bit per Pel Packed Format 

To fully support Windows Chicago. Nodric-IM should suppon 4bit/pci packed format 
CPU will be able to write only 8bits or more at a time. To modify only 4bits the CPU will 
do read modify wnte and mask four bits (bring them from CPU latches). 
The following picture shows the actual format: 
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In order to get Nordic- IM to suppon this mode, we need to place the VGA Video Data 
Path in 8bit per pixel mode with pixel doubling (mode 13) but disable the mechanism thai 
concatenates adjaisant 4bits to make one 8bit pixel displayed twice (at a divided by two 
RAMDAC VCLK) and disable as wcU dividing by two the RAMDAC VCLK. 
In nordic-regs-rev9.1st we assigned SR26[0] to enable this graphics mode. 



I 4.8 Robin's Ideas on High Resolution Panels for Nordic-IM 

Nordic's objective is to be able to center and fill the screen on 800x600 panels and to cen- 
ter an 800x600 picture on 1024x768 panels. The main focus is 800x600 panel suppon 
TFT and dual scan STN. 
In TEXT there will be three options: 

- horizontal and vertical centering with 9x16 fonts (disable 640x480 force to 8dots font) 

- auto-expand the font to fill the screen 

• special font to fiU the screen 

In Graphics there will be tree options: 

- horizontal and verbcal centering 

• use a driver to run at maximum resolunon 

- automaoc expand to 800x600 (only if s/w verification shows it being OK). 

In all cases horizontal and vertical options will be decoupled (different enable bits). 

Here's a list of what needs to be done: 

a. Expand horizontal and vertical centering capability from 640x480 to 1024x768. 



b. Shadow all HA^ CRTC registers except HDE and VDE. 



Cirms CoBfidential 
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The vertical registers arc shadowed now, but the horizontal registers are not. 

We need to shadow CRO, 2, 3, 4 and 5, These registers will be written by the BIOS at 

POST 

c, Suppon lOdot character-clock and CRT-FIFO-Read / Shift/Load (Video-Serializer 
Load). Now only 8dot and 9dot character-clocks are supported. For smooth-scrolline the 
pel-pan has to be expanded to 10 pisitions (0:9), 



d. TEXT auto-expand will be as foDows: 

- horizontal: replicate the last pixel once for 9 dots wide fonts and twice for 8 dots wide 
fonts. 

• vertical: replicate all odd scan-lines 



TABLE 3. Foot Ezpansioo for Different Panel Sizes 



M 



S 



Font«Size^PBDet-Size 


i 480 


1 600 


768 1 


8x14 


1 8x19 


i 10x21 


10x21 -f center | 


8x8 with scan-In. doubling 


1 8x19 


1 10x24 


10x24 4- center | 


9x16 


1 8x19 


1 10x24 


]0x24-t-cemeT | 



Please note that in text vertical expansion is done on the scan-line counter as well as the 
vertical display line counter^ but it does not affect the vertical non-display line counter. 

c. Graphics modes expansion (to be implemented only after s/w verificadon) 

Graphics expansion is less important as it is assumed that important applicaaons will run 

at maximum panel resolution with a driver. 

We 41 need to supply drivers for many applications with high res. panels !! 
Vertical expansion: 

- 3501ines -> replicate all odd scan-lines 
• 400lines -> replicate all odd scan-lines 

- 480 lines •> replicate every 4-th line 
Honzontal: 

-center 

- duplicate every 4-th pixel 

- duplicate every 4-th pixel with diagonal shift 

(scan-line 0 -> 1st pel, scan-Une I -> 2nd pel, scan-line 2 -> 3rd pel, scan-line 3 -> 4th 

pel). 



5.0 Nordic-IM Pinout Specification P^^' conndeDtiai 

-%Ao • 1 Business InformatioD 

pm package: 

CL 146395 
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(on BVDD) 

DAT31:0 ^ 

HIMEM (normally used as\ApR24, but it can be used as ADR31 and leave 2GB of upper 
address space reserved for MreGyJPEG boards) 
ADR23:2 

BE3nJE2n.BEln3E0n 
LADSniDEVn,RDYn 
M/IOn, W/Rn 
RESET, LCLK 
RDYRTNn, 

EBROMnA0\DRn/AUXS2 (Enable BIOS ROM Buffers on aU busses or Vkiid Address - CPV 

Adtess in Nordic valid address range or memory or Auxiiiary Select 2 to 
be used to select the Audio Synthesizer or some other audio chip) 
INTR, CLK32K/OVRW, OSC/XVCLK (14.318MH2) 
SUSPIn/BUn/FCBLANKn, SBYIn/ACnn/FCEVE)EOn 

(32KH2 clock input / FC Overlay Window Output controlled by VAFCPU. 
Supcnd Input/ Back-Light Input/VAFC BLANKn I/O signal controlled by 
^ VAFCPU - pin configuration -and FCES YNCn - FCBLANKn direction and 

^ HSYNCA^SYNC HI-Z or not; 

Stand-by input/Activity Input/VAFC External Video Control Input - controUs the 
2 direction of FCP[7:0]. Pin configuration controDed by VAFCPU). 

13 Configurations: - VUPCI/ISA bus, suppoit/not BIOS, 8/16bit BIOS. 

- Need a register bit to select SUSPEND Input or Back-Light Input. 

Default is SUSPEND Input 
^1 - Need a register bit to select Stand-By Input or Acavity Input. Default is 

Stand-By Input. 

2 - SUSPIn, BLIn, SBYIn, ACTIn are level triggered, active L inputs. 

In Nordic there is no Suspend pin polarity bit as in Tl (SR8[4]). 



Urn a.In pa bus, Alpine used ADR17:2 as BIOSA15:0. We assume that all portable 
systems will use a motherboard video BIOS and do not support an adapter BIOS in 
PCI. We do support an adapter BIOS in VESA VL bus and ISA to facilitate demo 
board design. 

b. EBROMn is active on all bus types: m ISA is generated on Address Decode and 
MEMRn, whUe in VL and PCI is unlatched address decode. In PQ bus the BIOS should 
be relocatable, an option we do not support That is why we say that we do not suppon 
BIOS in PCI. We do suppon lOCHRDYn and RDYn/TRDYn for BIOS accesses too All 
this logic should already be in 5428 (ISA and VL) and Alpine (PCI). 

c. The 5428 Feature Connector pins are available in all buses. A register bit enables 
them early in the logic to save power when not in use. 

Cirrus Confideotial 
Business loformation 
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DRAM Interface (for a^svingtrtc. dual WEn 2S^K«1/i HP AM.ch 
ion DVDD) 

MA9:0 
MD31:0 

RASOn,RASln,CASn/WEn, OEn 

WE0n/CAS0n,WEln/CASln,WE2n/CAS2n,WE3n/CAS3n 
Configurations: symctric/assymetric DRAM, dual WEn/CASn 

Note: a) For dual CASn DRAMs, the WE0n:WE3n pins become CAS0n:CAS3n. while 
CASn becomes WEn, 

b) Two RAS-cs are used for two banks. 

c) OEn is not actually needed as we use early write. 



Clock Svntherirgt^- ^ 

(MAVDD, MAVSS feed mcik clock synthesizer, VAVDD, VAVSS feed dclk clock synthe- 
sizer) 

MAVSS. VAVSS, MAVDD, VAVDD, 
MFILTER, VFILTER 
y| (Can we design a clock synthesizer without an external filter?) 

M CRT Interfan> and R AMT^aP i^lnti^ nin^- 2il 

:|i (DAVDD, DAVSS feed all RAMDAC custom layout) 

R,G,B (analog) 

5| IRef, DCVDDU DCVDD2, DCVSSK DCVSS2 

HS YNC . VS YNC TO (these two pins are on B VDD ) 

#1 

Is FLAT PA^fFT . and Pn»»r Mqn«io»m>tH lnt>rf«f» rnn PVnn^ ^ 

R7/FCP[3]. R6/FCP[2]. R5:0, G7/SUSPSTn/FCP[l] 
G6/SBYSTn/FCPtO), G5:0, B7/M0D. B6/FCVCLK. B5:0 

(use slow edge pads and sagger them modulo 4) Cirrus ConfideDtial 

FPVDCLK. LLCLK. LPS. FPDE. (use slow edge output pads) Business Information 

FPV<X. FPBL. FPVEE 

Notes: 

CL 146397 

b. R7:6. 07:6. B7:6 (24 bit TFT panel extra video data out pins) 

c. We need also bits for SUSPST and STANDS YST, PANEL-ON/OFF. PANEL- 
IN-POWER-UP-or-DOWN. ^ 

d. We assume that the 24bit TFT panels do not need external MOD. 
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c. No NPD pin. 

f. FCP[3:0] pins arc I/O-s whose direction is controlled By FCEVTDEOn in 
VAFC configuradon. FCVCLK is the clock that clocks them in and which should 

be used lo clock them while they are displayed or at least to resynchronize them before 
being latched on the internal clock, FCVCLK is always an input when in VAFC configura- 
tion. 

g. Nordic-IM facilitates NTSC output by providing RGB 6:6:6 just before DAC on 
the R5:0, G5:0, B5:0 when in a special mode. It also provides odd/even frame signal and 
true Display Enable in sync with the RGB. Nordic- IM will run in tcrlaccd mode when m 
NTSC Out mode. All the needed signals will be comming out on the Flat Panel Pins ui the 
NTSC Out mode. 



Audm Port fon AOVTin^- ^ 

SDO (SErial Data Output to CODEC pin SDIN) 
SDI (Serial Data input from Codec pin SDOUT) 
FSYNC (Frame Sync Ouqjut) 
SDCLK (Serial Data Qock I/O ) 

D/Cn/AUXSl (Data/Control Select Output or CS4231S Chip Select for the ISA bus) 
PDN (Power Down Output) 

Note: These pins can be used as extensions for 24 bit TFT panels, in which case the chip 
docs not suppon the audio port Note also that CS4215 has Resetn pin. 

Cirrus Confideotial 

\jf ■■ BusiDCSs InformatioB 

Following pins on MVDD: 

'^^^ I (Test Latch Load Enable, active L - for pinscan & test mode) 

S W2 I ( Switch #2 or reserved for SDRAM suppon in the future) 

SWl/MCLK/XMCLK I/O with PD coniroUed by XResei 

(Switch #1 or mclk driver buffered output for tesing and debug 
or external mclk for testing; a special register bit disables this 
output in normal operation for power savings. 
Default: Input on which either SW2 or XMCLK comes in. 
Only if the special register bit 

is set, this input becomes output and outputs MCLK from the clock 

synthesizer for testing. 
The special register bit defaults 0 = the pm is 
configured as Input Please note that a h/w configuration PU/PD 
controUs if the actual internal mclk comes from an internal or 
external source, but this PU/PD docs not control if 
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RES4CKE 



SW2/MCLK/XMCLK is an input or an output) 
NC Pin Reserved for Future Nordic chips 



Following Pins on BVDD: 
SWO/VCLKyPCDCLK I/O (Switch #0 Input or vclk driver buffered output for 

tcstmg and debug, or VAFC Dot-Clock Out ; 
Default for this pin is Input on which SW#0 is applied. 
VCLK and FCDCLK is the same signal, the name is 
diferent to case reference to VAFC spec ) 
Following Pins on PVDD: 
FCPr7:4] I/O Feature Connector Data Pins bits 7 to 4. 

The other Feature Connector pins are shared with some 
panel or host bus pins. 
FCESYNCn/RES4SDCLK I 5428 Feature Connector ESYNCn pin • controUs the 

direction of FCBLANKn and its effea and tri-states HSYNC and VS YNC. 



SYStem/Bux Intgrfarg Siimat Manning 

(Sec 54xx Reference Manual for Feature Connector Pins Description: FCyyyy) 
TABLE 4. VESA»VL <■> PCI bus o> ISA bus Pin Mapping 



VESA-VL 


Intel.PCI 


ISA 


HZMEM ' 






ADR23:16 - 




LA23:16 


ADR15:9 ^ 




SA15:9 


ADR8 


PAR 


SA8 


ADR7 


STOPn 


SA7 


ADR6:2 




SA6:2 


BE3n 


C/B£n3 


SAl 


B£2n 


C/B£n2 


SAO 


BEln 


C/BEnl 


SBHEn 


BEOn 


C/B£nO 


RFRSHn 


DAT31:22 


AD31:22 




DAT21:19 


AD21:19 




DAT18 


AD18 


MWRn 


DAT17 


AD17 


I0CS16n 


DAT16 


AD16 


IRQ 


DAT15:0 


AD15:0 


SD15:0 


RESET 


RESET 


RESETDRV ?? 


LADSn 


FRAMEn 


BALE 


LDEVn 


DEVSELn 


MCSi6n 


RDYRTNn 


DlDYn 


AEN 



V 
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TABLE 4, VESA-VL <•> PCI bus <»> ISA bus Pin Mapping 



VESA-VL 


Inttl.Pa 


ISA 


W/Rj» 


IDSELn 




M/lOn 




MRDn 


LCLK 


CLK 


lOWn 


RDYn 


TRDYn 


lOCHRDY 


EBROMn/VADRn 


VADRn 


EROMn/VADRn 


INTR 


INTR 


ZEROn 



Notes: 1. SW2, SWl/MCLK/XMCLK and SWOA^CLK pins are 

nonnaUy used by the BIOS as panel type switches readable on SR24[2:0]. 

2. XMCLK and XVCLK (on OSC/XVCLK) are needed for nxanufacturing test of 
the chip. When they are used, SR24[ 1 :0] will wiggle at clock rate and they should 
be masked on the tester. 

3. MCLK and VCLK are needed for manufacturing test of the clock synthesizer 
and for chip debug. 



Digital. Mixed Volt^iri^ Pow^r Pin^r 22 

BVDDl, BVDD2, FPVDDl, FPVDD2, MVDDK MVDD2. ADVDD, 
CVDDl :4, (BVDD goes now to HS YNC and VS YNC) 
VSS1:11 

Toul Pins Used: 208 (with no pin left). 
PinOUt Modifications in rev. \H reiative to n^v T? 

1 . Took-oul Whisper Support Pins: WWRn. WRdn, WAD[3:0]» FPCn 

2. Reduced the number of CPU Address Pins: ADR[24:27] weni-away Use HIMEM lo 
place the chip outside 16MB of memory for linear addresing. 

3. Killed CRTVDD and placed CRT Interface on Host Bus VDD. 

4. Introduced VAFC pins in a unique pinout configuration in both VESA VL and PCI. 
Added VAFCPU a pull-up to enable VAFC (VESA Advanced Feature Connector). 
ADR[27:24] VAFC pins, and R[7:4], G[7:6] . EROMnA^ADRn, SUSPl/BLL SBYV 

ACT! get a configuration for VAFC -> total 14 pins. 

SWOA^CLK will be used as VAFC VCLK losing SWO pin as panel type when VAFCPU 
IS used. 

In PCI bus, no ADR pin will be shared with VAFC. 

ASWOPU (Alternate Switch 0) will be added on MD pins to replace SWO pm when 
VAFC is enabled by VAFCPU. ASWOPU will read-back in the same register bit as SWO, 



Cirrus Confidential 
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so the BIOS will not feel any modification in the reporting scheme. The chip will draw 
more power in suspend with VAFC. 

5. Moved SW2. SWl/MCLK/XMCLK the two reserved pins (one obtained by kilbng 
CRTVDD)and TRWn on MVDD to prepare for SDRAM pin compatible option in the next 
Nordic that suppom SDRAMs. Marked them as "reserved for SDRAM pin name 

Ii looks thai TRWn will not be needed, but ii was moved on MVDD so that in case i: is 
needed, it is available (in this case we'll need an extra switch for SDRAM suppon or a: 
least to disable TRWn test mode effect), 

6. Rearanged VAFC pins as pins R4 and R5 were used by VAFC - an error. 



Confignring Nordic^lM 

If Terminator used specially assigned pins to configure the chip, Nordic*lM will use 
some of the MD31:0 pins sampled on the Reset trailing edge, similar to Mustang. 
The pad ceUs will have an active pull-down controlled by an extended Reset signal. 
The pull-down resistence will be about 75KOhm. An external pull-up less than 60KOhm 
is needed only if the opnon is used. In Suspend, the MD pads are inputs and the DRAM 
OEn is H so no DC current is drawn by the configuration h/w. An external resistor is 
needed only if the configuration pin has to be H at Reset. 

All h/w configuration latches are read accessible via I/O. The h/w configuration is 
latched on Reset trainiing edge, (these latches were r/w, with s/w PU read, having only 
read is enough). 

We'll define the configuration pins to minimize the number of external resistors: 



CPU Bus Configuration: 

On MD18: 16 & -> no external PU = 32bits VESA VL bus at 33MHz or less bus clock 
&MD23 ->MD16PU 32bits PCI bus with Burst PU called "PCrPlV 

-> MD17 PU = 16bits ISA bus PU called "LSAPTT" 

-> MD18PU = 32BIT VESA VL BUS AT 50MHZ BUS CLOCK 

PU calleH "PVT PIT 
-> MD23 PU = 32bits PCI bus no Burst PU called "PriNBPr" 
This is a reserved configuration in case burst does 
not work on a PCI bus. 

Reads-back in SR22: 

PCIPU onMDI6 ->SR22[0) 
ISAPUonMDl? ->SR22[1) 
FVLPU on MD18.> SR22[2] 
PCINBPU on MD23 -> SR22[7] 
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Clock Configuration: 

OnMD19 (reads back on SR22(3]) 

-> no cxicmal PU = inicinaJ MCLK and VCLK clocks, from the internal clock 
synthesizer 

-> MD19 PU = use external clocks from SWl/MCLK/XMCLK and 
OSC/XVCLK 

PU callcd"XCLKPU" 
This PU is used for manufacturing test 

One reg. bit is needed if internal clock is selected to control ou^uting mclk on the 
MCLK/XMCLK pin = 1 if use internal clock then ou^ut it on SWI/MCLK/XMCLK 
pin, -> SR23[0] is this bit 



Memory Configuration: SRF[0] 

No Pins, Use Two Register Bits -> 2CAS/2WE bit=H 2WE, bit=L 2CAS (default =L) 

-> Symetric/Asymetric bit=H Asym., bit=L Sym. 
(defauli=L) 

BIOS Support: (reads-back on SR22(6] for BI0S8PU) 

Nordic- 1 M supporu 16bit or 8bit BIOS and only in ISA bus configurations. 
The BIOS is always supported when in ISA. 

On MD22 -> no externa! PU = 16bit BIOS 

-> external PU = 8bit BIOS (no MEMCS16n decode on COOO) 
This option is mostly for debug in case 16 bit BIOS range decode is not fast enough. 
If the BIOS suppon is disabled, this configuration is don't care. Called "BT05;«pr" 
Please note that Nordlc^lM supports COOO BIOS only in ISA. 

In a normal note-book the BIOS is at EOOOrO, not supported by Nordic; so no external 
component is needed. 

Sleep Address Selection: 

On MD2 1 : Sleep Address Selection (reads-back on SR22[5]). 

-> No external PU = sleep at 3C3[0] - to be used when Nordic is on the 

Mother-board (most cases) 
-> External PU « sleep at 46E8[3] - to be used when Nordic is an adapter 
(like a PCMCIA card and/or an adapter to turn desktop mto an 
environment friendly PC) Called: S46PU 

Cirms CoofideDtial 
Busioess iDformation 
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Note that Nordic-IM comes-up awake, though this has to be cleared 
with the BIOS group. 

Feature Connector Configuration: (reads-back on SR24[7]) 
On MD25: 

-> No external PU = no Fcanirc Connector Support: ouqjuts used only for PC 
arc forced L. I/O are forced inputs, I/O and inputs are forced on the chip so that they do 
not take power if not connected externally. 

-> External PU = All pins needed for FC including OVRW arc active. 
Callftri: VAFrPTT 

On MD26: Alternate SWO Selection (Reads-back on SR24[0] when SR24[7] is 1 ) 

When SR24[7] is 1, SWO pin is forced to output DCLK and this external PU 
latched on Reset trailing edge plays as SWO. It reads back at the same bit 
as SWO does. 

-> No external PU «= SWO reads back 0 in SR24[03 

-> External Pu: SWO reads back 1 in SR24[0]. 

Total: 10 H/W PU configuration options. 

In normal opcranon with FC enabled up to three external PU-s may be needed (bus type 
ifnot VL andFC). 

In normal operation with FC disabled up to one external PU-s may be needed (bus type 
ifnot VL andFC) 

Summary of PU/PD Configuradon Pins and Register Bits where they can be read-back: 
SR22 r7;ft1 H/W Configuration Read Register #1 

Read only register, written on reset training edge by activating PU/PD on MDi pins. The 
PD-s arc inside the pads active only during XReset (extended reset). 

[7] 32bits PCI bus no Burst h/w PU configuration on MD23. It is called "PCHNBPU" 
(read only bit). 

This is a reserved configuration in case burst does not work on a PCI bus. 

[6] Select 8 bit BIOS suppon (if 1). Otherwise 16 bit BIOS suppon if the BIOS 
suppon is at all enabled. PU on MD22. 

Cirrus CoDfideDtiai 
Business Information 

[5] Rescreved for Sleep Address Select: reads back S46PU (MD2 1 ). 

I = I/O address 46E8[3] as sleep address (needs external PU). , 

0 « 1/0 address 03C3[0] as sleep address (no external PU is needed). ^ ^ ^^^"^ 

[4] Reserved 

?!^,^!"^^^^^*^^-WCLKandVCLKonSWl/M^ andOSC/ 
XVCLK. (default: internal clock synthesizer^ SWl and OSC). 
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PU on XCLKPU on MD19. 

0 = internal clocks with the pins used as inputs for panel type switch #1 and OSC. 
If SR23[4] and SR23[0] are K SWOA^CLK and SWl/MCLK/XMCLK, 
respccnvely become VO-K and MCLK outputs respccnvely, for test purposes 
(only if SR22[3]=0 MCLK can be seen, but VCLK can be seen even if SR22[3]=1 
aslongasSR23[4}:=:l) 

1= SWl/MCLKyXMCLK and OSC/XVCLK become XMCLK and XVCLK inputs 
generating directly chip MCLK and VCLK without clock synthesizer. The clock 
synthesizers arc powered down if SR22[3]k1. 



[2] Select VESA VL Bus at 50MHz 

1 = VESA VL bus at 50MHz selected (needs external PU on MD18) 
0 = VESA VL bus at 50MHz not selected 



[1] Select ISA Bus with PU on MD17. 

1 = ISA bus selected (PU on MD17) 

0 = ISA bus not selected (no PU on MDI7) 

[0] Select 32bit PQ Bus with PU on MD16. 

1 = 32bit pa bus selected (PU on MD16) 

0 = 32 bit PCI bus not selected (noPUonMD16) 

If [1:0] = 00 (Le. no external PU on MD17:MD16) 32bit VESA VL bus is selected. 
No more than one PU on MD17:MD16 should be used. 

Note: In AVGA3, CF14 is "Enable Local BUs Address Latching Interface". Alpine docs 
not have this configuration bit We need to do what was done in Alpine to get rid of this 
Configuraaon PuU-up/PuU-Down option. CAN we? Was this done, Dwarka? 

SR24 Panel T>pe Switches Register 

[7] VAFCPU (VESA Advanced Feanirc Connector External Pull-up) Read-back. 
If external pull-up (the bit read-back 1 ) then all VAFC pins are configured for Video Port. 
Otherwise they have other functions or arc disabled if no other function. (Disabled= the 
inputs are foced = the TTL and CMOST threshold controls are off & the outputs are iri- 
suted. It actually reads back what is latched on Reset on VAFCPU. VAFCPU is on 
MD25. 

[2:0] SW2:0 pins read back (read only bits) Please note that bit [0] reads back SWO if 
VAFCPU (SR25[2]) is 0 and ASWOPU if VAFCPU is l.ASWOPU is on MD26. 

Configuration Register Bits needed: ^ ^j^, Confidential 

Business Information 
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Svmetric/Asvmetric DRAM -> SR8[7] in Tl, CF13 in AVGA3 

=>SRF[1] 0 = Symetric DRAM Default: 0 
1 = Assymetric DRAM 
This bit is read only in AVGAKreads back CF9), but it is wntable in Tl . It con- 
CToUs MO-K frequency as an alternate to SRI F. We will use only SRIF to program 
MCLK frequency in Nordic, The default MCLK frequency will be 39.374MHz, corre- 
sponding to SR1F[5:0] = 18H=22D. This frequency fully meets the spec for -80 256Kxl6 
DRAM-s. 



Two CAS or two WE DRAM -> pin 72 in TU CF12 in AVGA3 

«>SRF[0] 0 = 2WEDRAM {Default:0) 
1 = 2 CAS DRAM 

16 or 32bit wide Video Memory fOne or Two 256Kxl6 DRAM-s or SDRAM-s) 
-> not in Tl, SRF[4:3] in AVGA3 (01«16bit, 10«32bit) 
=> SRF[7,4:3] will be used in Nordic with the same encoding as in AVGA3. 

( 1 1 is reserved for 64bit wide). .Default: 10 (32bit). See Table next page. 

Please note that we have room to add other types of DRAM-s (SDRAM-s 

for instance). 



In AVGA3 SR8[0] is "CS OUt to EEPROM" a feature Nordic does not Suppon. 
Nordic will not change the meaning of AVGA3 bits unless they are read only 
(like the pins or external PU read back). 

SR8[2:0] are in Tl the read-back bits for SW2:0 input pins, but AVGA3 uses 
them for EEROM programming so we moved SW2:0 read back to SR24[2:0]. 

In Tl SR8[7] is symmetiic/assynDearic addressing... in Nordic this is SRF[1]. 

Two or one Bank 32bit widg DRAM 

-> noiinTKSRFr7,4:31 inAVGA3 (00«8bit, 01«16bit, 10=32bit, ll=64bit. SRF[7] 
controls if 2MB of Video memory are available with 4x512kx8 -0- or with 4 256Kxl6 
DRAM-s, twoi banks - 1 -). It seems that in AVGA3 to suppon J MB with two 256KxJ6 
dramas and 22bit wide bus, we select 32bit wide and SRF[7}„. but! do not exactly know 
how this configuration is selected. 

«> SRF[7,4:3] in Nordic, will select the Video Memory Configuradon slightly dif- 
ferently than in AVGA3 and Alpine. See the following table. ' , ^ , 

* Cirrus Confidential 

Business Information 

SRF[7] SRF[4] SRF[3] Memory Configuration CL 146405 



new 0 0 0 32bit,2MB«4x512Kx8 

0 0 1 16bit, 512KB=lx256Kxl6 

0 I 0 ■ 32bit, lMB=2x256Kxl6 (default) 

0 1 1 ^ Reserved (64bii in Alpine) 

new? 1 0 0 32biu2MB«4x256Kxl6, Two Banks 

10 1 Reserved 
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1 1 0 Reserved 

I 1 1 - Reserved 

DRAM Timiny select (shon RAS or long RAS) 
-> SRF[2] in Tl and AVGA3 

=> SRF[2] in Nordic, default 1 = shon RAS (3.5 L, 2.5H) 

BTQS 4SICB or 32KB -> not in Tl; CF8 in AVGA3. In Tl SR8[4] is Suspend pin poianty. 

in Nordic Suspend pin is always acdve L (0 on pin puts the chip 
in Suspend). 

=>SR23[2) in Nordic =0 32KB BIOS (default«0) O0000:C7FFF 
=1 48KB BIOS : COOOOrCCFFF 
The initial BIOS code should be placed in the first 32KB starting at address COOOO. 

BIOS ROM ZERO* wail selea in ISA and fast tinung in VL bus 
-> not in Tl; CFl in AVGA3 

=> SR23[1] in Nordic =0 no ZERO wait state for BIOS in ISA 

and slow, safe BIOS timing in VESA VL 
and pa. 

^\ ZERO wait state for BIOS in ISA, 8MHz 
bus 

Output interna] VCLK on VCLKTXVCLK pin .> not in Tl or AVGA3 

=> SR23(4] in Nordic =0 if SR22[7]=0, then 
VCLK/XVCLK is an output pin forced L 
=1 ifSR22[71=0.then 
VCLK/XVCLK is an output pin and it outputs VCLK. 



Output internal MCLK on MCLK/yVfrLK pin .> not in Tl or AVGA3. 

=> SR23[0] =0 (default) force L on the pin 
si output mcik 

Suspendl/BLl bit -> not in Tl or AVGA3. 

=> SR23(5] in Nordic, 0= Suspend pin in Suspend/BLI pin (default) 

1= BLI pin on Suspend/BLI pin Qmis Conndeotial 
. . ^ . Business information 

SBY/ACT bit. -> not in Tl or AVGA3 

=> SR23(6] in Nordic, 0= SBY on SB Y/ACTI pin (default) 

1» ACn on SBY/ACn pin 146406 

Video Pon Enable bit acti ve in PCT hu< .> not in Tl or AVGA3. 

(read only biu acmally reflecting the status of an external configuraoon PU: FCPU on 

MD25 latched at RESET or under S/W Control) 

=> SR24[7] 0= Video Pon Disable at pins to 
save power: inputs are forced. 
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ou^uts arc L. I/0*s are inputs 
forced H in case tbev are not 

connected in the system. 
If any shared pins, they are not 
in Feature Connector 
configuration. 
1 = Video Port Enabled at pins . 
If any shared pins, they are 
now in Feature Connector 
Configuration. 

Live Video Enable hit -> not in Tl or AVGA3. 

=> SR24(6] 0= disable (default) 
Is enable 

Audio In ffrnm CS421 5 tn NJordic^ Enable hit .> not in Tl or AVGA3. 

SR24[5] 0* disable (force inputs 
inactive and outputs L 
disable AI-FIFO and cycles ) 
!« enable 

Audio Out rfrom Nordic to CS42I5) Enable hit .> not in Tl or AVGA3 

SR24[6] 0« disable (as above but 
AO-FEFO) 

i= enable 

Panel Type Smh Rcart-hark -> SR8[2:0) in Tl or SR7[6:4], not in AVGA3 

=> SR24[2:0) in Nordic, read only, writable on Reset or 
under S/W Control (SR24[3]) 
When SR24(3] whose default is 0. transits from 1 lo 0 
SW2:0 pin value is latched into SR24[2:0 which cannot 
be written by I/O. 

Cross Talk Reductjon Enfl^if .> not in Tl or AVGA3. 

-> SR24r3) =0 disable (default) 

=1 enable - the pinout is configured to suppon 
cross talk reduction chip. The I/O registers 
for the cross talk reduction chip are always 
decoded, to make things simple. Reserve 
SRFX for this purpose. 

Please note that R9x[l:0] TFT Panel type field of Tl was expanded to suppon 24bn TFT 
panels; 

^ - Clrms Confldeotial 

00 -> 9bit (333) (as in Tl) Business Informatioo 

10->12bii(444)(asinTl) 

CL 146407 
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01 -> 18bit (666) [was xl in Tl covering both 01 and 10 !!] 
1 1 •> 24bit (888) •> new in Nordic 



Notes: 



a. If 24bit TFT panel is selected, all related pins will be configured for it and it has priority 
over panel pins configuration settings for cross talk reduction enabled. 

b. If 24bit TFT is not selected then MOD is sleeted on M0D/B7 pin. 

c. If STN Panels Qoss Talk Reduction suppon is selected, and TFT type is not 24bits. 
then the Cross Talk Reduction suppon pin configuration is selected. 

d. If 24bit TFT is not selected, then SCSPST is selected on G7/SUSFST and SB YST is 
selected on G6/SBYST and MOD is selected on M0D/B7. 



Other Register R^latPrf Tnpirc 

(See Dordic-regs-rev#.ist where # is the latest one) 

Bros srriitrh P^fi^pn #5 and #6 (2 extra required) (r/w) 
SR28:SR29[7;0] are scratch registers. 

Note that SR9, SRA, SR14 and SR15 are AVGA3 scratch registers which we keep in Nor. 
die. Also there arc 13 18 bit scratch registers in the RAMDAC is SR12(1]=1. 



R9x - TFT Panel Data Format 



[7:5] Reserved 

[4:2] Select a 0 to 7 shift-clock delay from the internal character clock counter 
(8 VCLK/Charactcr Qock) to TFT panel HS YNC (LLCLK) signal -> as in Tl . 

[1:0] TFT Panel Type: 

00->9bit(333)(asinTl) 

10 .> I2bit(444) (asinTI) 

01 -> 18bit (666) [was xl in Tl covering both 01 and 10 !!] 

1 1 -> 24bit (888) -> new in Nordic 



Cirrus ConfldcDtial 
Business Information 
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CR1B[7^^4] (RIB in schematics): 

[7] Disable Text Cursor Blink in Tl. Do we use this feature in Tl? 

Enable Blank End Extensions in AVGA3 
[4] PCLKO (Panel Clock) no divide by two control in Tl. 

I am not sure this bit is actually needed in Nordic. 
[3] IRQ Every Frame or Every Other Frame ? Is this bit used inTl? 
[2] Not Used at All inTl. 

I think that all these bits axe not actually used. Are they needed ? -> Robin. 

CR1C[7:0] & CR1D[7:0] 

Are tm|>ortant LCD and Power Management Registers in Tl and Overlay Registers in 
Alpine. These registers are not in AVGA3, but because they are used in Alpine we may 
move them to CR2C[7:0] and CR2D[7:0], which requires one more CRTC Index Regis- 
ter Bit So: 

CRIC •> CR2C & CRID -> CR2D in Nordic relative to Tl. 
SRF[7] 

In Tl is CRT Refresh Disable. This bit gates /FB/RWC[5] in FB sheet 6. In AVGA3 is 

DRAM Two Bank Configuration select bit 

I don't think that this bit is used in Tl ? -> Robin. 

SR16 

In Tl is used to control the pads for power and threshold. In AVGA3 is not used. In Alpine 
is CRT FIFO demand threshold and other things ([4:0] are used). 

Move SRI 6 bits of Tl to SR20 to avoid contention with Alpine. Increase SRX Sequencer 
Register Index to 6 bits. 

SRIA 

In Tl is used as Test register. In AVGA3 and Alpine is Signature Generator Result Hi. 
Move T] SRIA bits to SR21 if it is not replaced by a similar register in AVGA3. 

Nordic Revision and Mask Codes 

Nordic Revision: ?? 
Nordic Mask Code: 00 

Cirrus Confideotial 
Business loformatioD 

„.$$$$..... CL 146409 
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• use- name: SHAW (11) Queue: UIDESK/UNIX.UIMKGT 

* File name: Server: CLFPCDOlO 

♦ Directory: 

* Description: NORDIC27. 

• December 21, 1998 5:29pm || ^ 

******************************* ******■! it l-579 
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************************** ♦*♦♦****♦**♦**♦** ***************************** *** 
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ra******************************************************************************** 



Cirrus Confidential 
Business loformatioo 



CL 152527 



Cimis Logic, Inc. Confidential Information 

NORDIC- IM Design Specification 

by Viad Brit, Robin Han, Sasha Eglit, Rakesh Bindlish, Dwarka Partani. 

JeffOrt 
rev J.O December 21, 1998 

LO Introduction & Table of Contents 

Nordic is Cirrus Logic's Fourth Generation Flat Panel VGA Controller to be marketied in 
first half of 1994. 

Nordic- IM is a niid-cnd member of the Nordic family. It is a GUI Acccllcraior with PCI 
support and Multi-Media Features. 

Nordic- IM is targetted for the mid to high end of the Note-book Computer Market and 
for for the energy efficient desk-top computers mother-boards. 
Nordic- IM is not targetted to the adapter market. 

1.1 Table of Contents 

This Specification will address the following: 
1 - Introduction and Table of Contents 

2. Basic Feature Set 

3. Detailed List of Features 

4. Pmout and Pm Etescription 

5. Architecture Specification 

6. Register Specification - this is a diferent document 

7. Product Implementation Plan - this is also a diferent document 



Cirrus Confidential 
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2.0 Ndrdic-IM Basic Feature Set 

1. Flat Panel VGA Compatibie GUI Acceilerator register and feature compatible to 
5428 and Alpine I AA^, Priority: A (= highest). 

2. 32blt CPU, 32bit Video Memory, 32bit BLT and 32bit CPU to Video Memorv 
Dau Path. Priority: A (s highest). 

3. 208 pin QFP package. 

4. Targeted to sample CY Ql'94, production CY Q2 '94* Priority: A (s highest). 

5. Target cost: $12 to SIO *> less than 40(hnil [f] in C8 Foster City. 

6. Multimedia Features 

• Pan of a well defined System Solution for high performance CD-ROM video and 
audio playback for the portable market. Priority: B 

• Part of a well defined System Solution for mid performance low cost live NTSC 
Video and Audio with the NTSC decoder on a PCMCIA card. Priority: B 

• Audi o P o rt to Display Ni c uioi y. Audio Duffei to Seiial Liteiface f^^^ C542i»e AuiIju 
CuduL. Piioi ' i t y. C (C54215 is iiot fit for notebwk couipmcia). 

• Video Playback decompression accelleration for CinePak including Color Space 
Conversion (YUV -> RGB). Priority: B 

• Live Video in a 320x240 or 640x480 Window from a propneiaryly compressed TV 
decoded data source (at 30H2) on TFT color panels. Data is stored compressed and ji is 
decompressed to 18bii/pel or 24bit/pel in real time at display time. NTSC decoder and 
data compressor is on the PCMCIA card or the PCMCIA controller. Please note thai 
due to live video bandwidth requirements on PCMCIA'bus , a relatively non-expen- 
sive way to achieve the second feature is to implement this compression algonthm. Pri* 
ority: B 

• Color Key Live Video Overlay based on a 5428-like Feature Connector with PCI bus 

(only). 

7. Integrated in Nordic UM ndent 



• ISbii DAC with direct color capabiliiv Priority: A ^ . 

CL 15252 

• 24bii RAMDAC with true color capability Priority: C 

• Clock Synthesizers for Video arid Memory Clock (65MHz/3V, 1 10MH2/4.5V). Prior- 



Color Space Convener for CincPak, 



Priority: B 



Cirrus c 
Business 
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• DAC IRcf Current Source on chip. Priority: C. Boyd and ManShek are working on ii. 



8. Direct Bus Interface: 

• 32bit VESA-VL bus (and 486 local bus) Priority: A 

• 32bit PCI bus. No on chip BIOS ROM support in PCI. Priority: A 

• 16bit ISA bus for demonstration and easy system validation. Priority: B 

• 32K or 48KB BIOS ROM support in ISA and VESA VL bus. Priority: B (onl> for 
BIOS/ system debug) 

• At least 5 scratch pad registers: optimum 8 scratch pad registers. Priority: A. 

9 Performance Enhancements to achieve I5-20MWinmarks at lKx768 8b/pel: 

• 32bit BitBLT with memory mapped I/O BitBLT registers (as in 5428 ?or Alpine) Prior- 
ity:A 

• BLT buffer of 8 ( eii 10 ) bytes for Source (and Destination ?) data, (5428 buffer is 
8byies. Alpine is 16byies) (as 5428) 

• -X/Y offset for Pattern BLT (as in Alpine) Priority: C 

• h/w graphic cursor 64x64 (as in 5428) 

• color expansion (as in 5428) 

• linear memory addressing (as in 5428) 

• 4 stage 32bit wide write buffer and capability to page CPU cycles if accumulated in the 
write buffer (this is already m 5428) 



10. Display Memory: 

• 0.5MB (Mbit wide), 1MB or 2MB memory addressing 32bit wide (as m 5428) 

• I or! 256Kxl6 one bank or 4 256Kxl6 two banks (2 CAS symetric, 2 WE asymetric) 
(asm 5428) 

• maximum memory clock frequency: 50MH2/3V, 65MH2/4.5V Priority: C 

Cirrus ConfideDtial 

1 1 .Flat Panel Support: [Priority: A] Business Information 

• Color TFT (24bii, 18bit, 12bu, 9bit) 

• Color Dual Scan and Single Scan STN ( 16 and 8 bit, including dual clock panels) 

• Monochrome TFT (8bit), 

CL 152530 

• Monochrome Dual Scan STN f8bit). 

• Monochrome Single Scan (4 and Shit) suppon 
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• Simulscan with all Fast Panels {6.3MH2 or equivalent) with 32bit wide memory. 
No simulscan with 16bit wide memory with dual scan color panels. 

No simulscan for 3MHz monochrome dual scan panels. 

• 640x480 smgle and dual scan suppon (Pnonty:A) 

• 800x600 TFT and no single and dual mono and color STN panel support (Priorir\ - C) 

• 1024x768 TFT and no single and dual scan STN panel support , (Pnoriry ■ D) 



12.Display Features 

• High quality monochrome and color shading, at least as good as 6440. Priority. A 

• Shading opuon for fast panels. Priority: B 

• Up to 8, 64x64 Hardware Icons independently mapped color+iranspareni back- 
ground. Priority; C 

• Whisper Cross-Talk Reducnon (If panels will be available in the time frame and if we 
can accomodate it with the shading algorithm). Priority: C 

• * Vffic€ Productivity Booster Dual Display " 640x480 (panel) & 640x480 (CRT) 4 or 
8b/pel or 640x480 (panel) & 1024x768 (CRT) 4 or 8b/pel Priority: E 

• Vemcal Expansion in text and graphics (as in 6235 or 6440) 

• Automatic Centering if not expanded (as in 6235) 

• Grey-Shades Maping options ?? Is this needed ? Priority: D 

• Text Conu-ast Enhancement options, (as in 6235 or 6440) 

• Inking Plane Priority: D 

• J 80 and 90 degree image rotation Priority: D 

• J 2 and I6dots wide font suppon ?? Priority: D 

• h/w offset on hJw cursor ?? Priority: D 



13. Resolution5 Supported: 

• the same as 5428 at 5 V (4.5 Vmin) 

• up-to 45MHz dotclk (1024x768, 6OH2 interlaced) at 3,3V 

Cirrus Confidential 
Business Information 

14. Power Management 

• Mixed 3.3V and 5V operation: memory, host and flat panel mdependem VDD 

• Green-PC spec support. Priority: B 

CL 152531 

• Siand-by Mode with internal stand-by timer (as m 6235) 
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• Suspend Mode I/O or pin in all modes (LCD, CRT,Simulscan) 

• Light Sleep 7? • better not for this chip as it requires too much /i/k. Pnoriry: F 

• Panel Power Sequencing: automatic or under I/O control (as in 6235) 

• Reduced Active Power m Panel Only Operation: < 60mAmp (i>3.3V. Priority:A 

• Reduced Suspend Current: < O.SmAmp. Priority: A 

2,1 Inputs from the Nordic- IM Features Meeting of 09/10/93 

- 24bit DAC if not too expensive (VAR) 

- mclk @Sy max 65MH2, (fSV max SOMHz 

. vclk and fpvdcik @5V max SSMHz, (i>3V max 65MH2 

- panels: 

- TFT 1280x1024? ##, lkx768 ##, 800x600 ##, 640x480 



24bu,18bit, 12bit, 9bit color, 6bit mono 
NEC analog output? ## 
• STN 800x600 dual scan color, 640x480 ds color 16bit 
640x480 ss color 8bit 
640x480 mono bit 8bit and 4bit 

- honz ## and vertical centering 

- normal 9dot font m 800x600 text ## 

- simulscan for 800x600 and lkx768 panels ## (need to run all modes ai 
800x600 or 1024x768 rezolutions -> option to clock panel till h&v Blank ) 

- support for two alternate fonts 10x24 for 800x600 (10x18 actual 
with spacing) and 12x25 for lkx768 ## difficult !! 

- h&v text expansion m 800x600 and lkx768 panels ## ^ 

- color text enhancement ## : bnght white instead of white 

- on chip cross-talk reduction ^ ? - any improvement ^ 
' shading look-up tables M ? - only if not too large 



- SO Whisper support even on the btis side • out ! 
• NO one 2S6Kxl6 DRAM support - out ! 

' h/w icon support: with h/w cursor, up to 4 simultaneously. Honzontal position 
controlled in increments of 64 pixels. 

Icon attributes: off/on» 4 colors/3colors + transparent, no.blinb^iink, (simple/dou- 
ble). 

H/W cursor goes over the h/w icon (visually). Uses independenly mapped color in 
RAMDAC RAM. Stan at scan-hue 64. 



- SOMHz 486DX bus 

- 75H2 refresh rate 

• need one 256Kxl6 support with Audio and some video for Contura • build one 
motherboard for Contura and LT Lite. Two DRAM*s onJy on LT Lite. 



- PC98 integration? ## - to be negotiated 

- reserve pms for SDRAM-s and CDRAM-s ## 

- NO true dual display ! 



Cirrus Confidential 
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2.2 Inputs from Compaq 09/10/93 
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- think that 8KB/buffer of audio buffer is not enough 

- want to use Analog Devices for Audio 

- No clear winner on conpression. They are watching. Need Indeo dnvcr. 
• Play-back zoom is required. At least pixel replication. " 

- Ver>' interested in Compressed Live Video. WAnt to talk more. 

- need h/w icon 64x64 with 3coi+transparency or 4 color, with pixel replication lo 
128x128. 



23 Inputs from AST 09/15/93 

- They prefer honzontal icon 

2.4 New Features as of 10/04/93 

. 4bii/pel packed support for Windows Chicago 

- 8bit/pel video out to the Feature Connector for conversion to NTSC-out 
with Nordic running 640x480 interlaced mode. 

Another idea was to use some of the panel outputs in this case and extend 
the dau out to 16bits. 

- The h/w icon can be horizontal or vertical using the Motion Video Window as imple- 
mentation vechicle -> is it worth? 

- IBM Raleigh asked for 12 and 16dots wide fonts for h/w assisted Kanji. 10/04/93 

- IBM Raleigh asked for 8bit monochrome TFT panel support. 10/04/93 



3.0 Important Additions to 5428 Data Base 



1. 32 bit CPU Data bus in VESA VL bus support 

2. PCI bus support 

3. Mono and color, STN and TFT Flat Panel support (inch hfb)* 

4. Live video in a true color window with Windows running in planar VGA mode, 
without a video port (using PCMCIA standard bus and Sasha's decompression 
technique). 

5. CINE PAK decompression acceleration Cirrus Confidential 

Business Information 

6. Audio Port support for CS4215 

7. Power Management: panel power sequencing, stand-by mode, suspend mode 

8. Mixed Voltage, 3.3V operation and low active/suspend/standby power 

9. h/w icon support, with a h/w cursor support 

10. BLT performance improvements: Memory Mapped BLT L/0, patternning, 16 
byte Source buffer 

CL 152533 
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Wjdual display 1024x768 on CRT with 640x480 on LCD, using the same RAMDAC } 
if decided to do now 

4.0 Detailed List of Features 

4.1 WAS: On the Cross Talk Reduction Technique -> not in - 
IM 

This pan was deleted from Nordic- IM spec starting rev. 3.8 (09/1 1/93). 



4.2 Green PC Spec Support 

(Based on VESA DPMS Proposal l.Op rev. 0.53p) 

This specification rcffercs to CRT Monitor power management. Additionally, Nordic will 



TABLE L Display Power Management Summary 



' Sute 


HSYNC 


VSYNC 


Video 
RGB 


Compliance 


Power 
Savings 


Recover\ 
Time 


CRT On 


Pulsesc 


Pulsees 


Acuve 


Mandator) 


None 


NA t 


CRT 
Stand-by 


No Pulses 


Pulses 


Blanked 


Opuonal 


Minimal 


Shon j 


CRT Sus- 
pend 


Pulses 


No Pulses 


Blanked 


Mandatory 


Subsuntial 


Longer 


CRT Off 


No Pulses 


No Pulses 


Blanked 


Mandatory 


Maximunn 


System j 
Dependedni i 



control DAC power consumption. These power management CRT Monitor suies are not 
necessarily related to the graphics controller power management states. 



WeMl define 2 bits - GRE[2: 1] (the same as Alpine) that control HSYNC, VSYNC and 
DAC Power Off signal (or Blankn to the DAC). 



Cirrus ConMci^ti*^^ qj^ J52534 
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TABLE 2. GREI2:1] Effect 



! GRE[2;11 


CRT 
Sute 


Vsync 


Hsync 


DAC Power 


Nordic 
Power 

Management 
Sute 


0 


On 


pulsing 


pulsing 


on 


active 


1 


Siand-bv 


pulsing 


static at 
MISC[6] inac- 
tive level 


off 


active i 

! 
i 
! 

! 




Suspend 


sutic at 
MISC[71 inac 
tive level 


pulsing 


off 


active or 
stand-by 


3 


Off 


suuc at 
MISC[7] inac- 
tive level 


static at 
MISC[61 inac- 
tive level 


off 


active, stand- 
by or suspend 



If Nordic IS in us own Suspend mode, the BIOS should program GRE[2: 1 )=3 to pui the 
monitor (if any ) in the Off state. 

If Nordic is in us own Stand-by mode. CRT Suspend mode should be forced bt the h/w, as 
stand-by is a timer dnven mode and no s/w gets to play. ' 

If Nordic IS in LCD only, the BIOS should set GRE[2:1] to 3 to power off the CRT that 
may be connected to the notebook computer. 

If CRT only mode and CRT is in stand-by or suspend, the BIOS may reduce the video 
clock and even memory clock frequencies after saving the current values. 

Except for the above restrictions, CRT Power Management modes are not related to Nor- 
dic power management modes: they can be independently programmed. 

If MISC bit is programmed for positive polarity, the SYNC signal will be stopped L, oth- 
erwise it will be stopped H. 

4.3 Play-back Decompression Accelleration 

(applicable to Cinepak as well as other compression 
standards) - old, kept here only for reference 

4.3,0 The problem Cirrus Confidential CL 152535 
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a) When playback data is compressed on a CD ROM. it is encoded in 24bii/pcl YUV with 
crominance sub-sampling. Due to CDROM reduced bandwidth the display window is 
160x120 or 320x240. If this compressed data is decompressed at full pixel depth, u 
should be displayed as 24bit/pcl RGB window under MS Wmdows. As the play-back data 
IS sent to the graphics controller from the CPU bus, it has to be placed in Video Memor\' in 
320KB. 

A standard VGA controller or even GD5428 are able to display the 24bitypel play-back 
window only if MS Windows is run in 24bit/pel mode (for instance 1024x768 24bit/pel or 
640x480 24bit/pcl) by the driver. Under these conditions, the CPU will have to write the 
un-compressed 24bit/pel play-back data in the appropriate position in Video Memory, 
contigouus to the entire displayed data. 

So, m order to display 24bii/pel in a play-back window, GD5428 needs the driver to run 
24bit/pel at the maximum display resolution. 

But, in order to run 640x480 at 24bii/pel we need 921.6KB of Video Memory and m order 
to run 1024x768 24bit/pel we need 2359.296KB of video memory. (Please note that 2M of 
memory has 2097.152KB). 

Also, when running windows in 24bit/pel mode the performance will decrease 3 or 4 times 
relative to 8bit/pel mode, especially when using DRAM as Video Memory. 

b) When running through MS Windows GDI, the driver can play-back data at 15fps or less 
(With a 486 33MHz). It is desirable to play-back data at 30fps. 

This can be accomphshed today only if the driver does not go through GDI. 

CJ If apicyure was stored on CDROM at low resolution (160x120 or 320x240) and it 
needs to be "zoomed", it has to be interpolated both horizontally and vertically for good 
picture quality. Vertical interpolation is expensive in h/w. ^ 

4.3. 1 The Generic Solution ■ old, here for reference onlv 

Today's Windows Accelleraiors run MS Windows, including the play-back window with 
the same pixel depth (8bit/pel), normally going through the RAI^AC, but using a split 
palette approach with 16 colors reserved for MS Windows and 240 colors reserved for the 
play-back window. The Cinepak dnver wntes data m video memory m 3:3:2 RGB format 

(8bus/pel) which is created by the driver. Because of the s/w overhead involved in 
decompression as well as the GDI overhead, it is hard to go beyond 320x240 clips at 
15fps, though the display quality is much lower than what Cinepak could achieve (240 
colors versus 16 milhon colors). 

To run Cinepak with 24pit/pel resolution, today's graphics controllers would require to 
run MS Windows in 24bn/pel mode, requiring almost 1MB in 640x480 and over 2MB-5 m 
1024x768 modes. 

.Nordic- IM Design Specification rev. 5.0 December 21, 1998 9 
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A graphics controller thai could run MS Windows in 8 or 16bit/pcl mode while 
displaying only the play-back window in 24bit/pel mode would mcrease significantly pic- 
ture quality without degrading too much MS Windows performance with play-back, 
would reduce significantly the amount of Video Memory required for the same picture 
quality and would allow a higher frame rate for the play-back. 

Further, if the play-back data is stored in Video Memory in a scmi-compressed format thai 
requires less than 24bit/pei this would further decrease the Video Memory requirements 
and u may even reduce the video memory band-width requirements. 

When zoonung the play -back window from 160x120 to 320x240 or higher it is important 
to interpolate. Vertical interpolation can be done in s/w but with a relatively large over- 
head, it may be possible to do vertical interpolation on key frames, but there is no practical 
way of doing verucal interpolation on inter-frames cither in s/w or with h/w assist on the 
CPU write side of the graphics controller. If s/w driven vertical interpolation on key 
frames is not a solution, then vcncal interpolation can be only achived in h/w on the CRT 
read side and this requires either one or two 1 6bit/pcl line buffers or a big penalty on video 
memory bandwidth (the equivalent of reading 32 or 48biis/pel). 

HonzontaJ interpolation can be done before play-back data is displayed, without s/w help 

Please note that there are multiple ways to solve the play-back problems. In Nordic- IM 
we'll tr\' to strike a ballance between the complexity of the h/w solution and the quality of 
the play-back image. 

To a large extent, the solution adopted in Nordic- IM will be genenc, not tied to Cinepak. 
though It will be first applied to Cinepak. 



4.3.2 Nordic- 1 M old Play-back Accelleration Solution -> canned, kept here for reference 

alNordic-lM will run Cmepak at 1: 1 scale exactly the same way as today's graphics con- 
trollers: in 8bit/pel MS Windows with Sbit/pel (3:3:2 RGB) play-back window 

b) Nordic-lM wiU run 1:2 scale (zoom) in 8bit/pel 1024x768 MS Windows with 24bit/pel 
(8:8:8 RGB) pixel depth in the play-back wmdow, honzontaily interpolated and vertically 
doubled. Play-back data will be stored m video memory as 16bit/pel (YO UOl Yl UOl i 

c) Nordic-lM will run at 1:1 scale in 16bit/pel 1024x768 MS Windows with 24bit/pei 
pixei depth in the play-back window. Play-back data will be stored in video memory as 
16bit/pel rYO UOl Yl UOl ). This mode is good for programs that store data in 320x240 
format. 

Because today large play-back windows look bad, while small ones look OK, this solution 
will improve picture quality to a large extent. 
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Concerns: 

Many play-back programs today don't even have a zoom ppnon. To this extent, mode 'b ' 
may not be needed. 

Mode c could be implemented today with 16bit/pel RGB (555) m s/w and the onJy 
improvement we provide is 24bit/pel capabihry and h/w color conversion (some level of 
accellerationj. So mode "c^ may not be needed as a special h/w. 

If this is the case, maybe we do not need to do anything in h/w for Cinepak I 

One idea: should we run 24bit/pel MS windows stored in 4:2:2 (YO UOl Yl UOl ) for- 
mat? This will allow us to run 24bit/pcl MS Windows and use 16bit/pel memorv space 
with no loss of quality. The windows driver could compress the data and the h/w could 
decompress it. 



4A Nordic-IM Motion Video Architecture 

Sasha Eglit, Rakesh Bindlish, Vlad Bril and Dave Keene are important contribu. 
tors to the Motion Video Architecture definition. 

4.4.0 The Problems to Solve & Generic Solutions 

Nordic-IM !s supposed to suppon CDROM play-back and live-video under Mjcrosoft's 
Video for Windows. With all of today's VGA Compatible Graphics Controllers, the play- 
back* picture pixel depth has to be the same as the surrownding MS Windows pixel depth 
In other words, we have to run MS Windows in a 24bit/pel mode m order to display 24bic/ 
pel in the play-back window. 

The only way we can run today live video is from a Video Port (= Feature Connector). In- 
this case we Ml use an overlay or a color key to define the hve video window. 
Due to CDROM player, s/w interface complexity. CPU bus and Video Memorv limita- 
tions, only small clips at 15fps or less can be playd-back today. So today we need a lot of 
Video Memory to run small clips in slow motion at low rezolution. Nordic- IM wU] try to 
use less Video Memory, increase the clips size, their resolution and speed. 

Nordic-IM is supposed to support: 

- acceilerated play-back for all popular CDROM compression standards, especialh 
Cinepak and Indeo 

- live video from a PCMCIA card in a system with a standard PCMCIA host adapter 
for a "Multimedia-Ready Notebook Computer" 

- hve video from a Feature Connector, preferably VESA Advanced Feature Connector 
compatible, for a Mulumedia Notebook Computer with direct NTSC input (full mother- 
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board solution). 

What wi» Nor dic>lM bring to the Video oiate: 

A. Nordic- IM will break the dependency between the pixel depth of MS Windows and the 
pixel depth of the live-video / play-back window. By doing so, Nordic- 1 M will be able to 
run 24bit/pel LV/PB while running MS Windows in 8bit/pcl or 4bit/pel (even planar) 
This will lead to high quality hve-video and play-back, while mininuzmg Video Memorv 
requirements. 

B. Nordic- IM will further reduce Video Memory requirements as well as Video Memorv 
Bandwidth requirements by stonng data in compressed form: 4:2:2 YUV ( 16bit/pel ). 4 1.1 
YUV ( I2bit/pel) or Sashapak YUV (2.6bit/pcl) 

C. Nordic- IM will define one architecture and work-frame to run both play-back and live- 
video in a unitary way for both s/w and h/w. 

D. Nordic- IM will support up to two active LV/PB windows at the same time. 

E. By providing h/w YUV->RGB conversion and 1:2 zoom Nordic- IM will accelleraie 
playback for most standards, but mostly for standards that allow us access to their decom- 
pressor like Cinepack (for whose decompressor we have a licence). 

Nordic- IM will not provide Cincpak specific accelleration (custom BLT). 

On the Live Video from Feature Connector (or Video Port) 

Due to pm-out imutaiions, the VAFC implementation has to be limitted to 8 pins of data 
requinng external muxmg of I6bii data to Nordic. Further, the VAPC solution will be 
restricted lo 5428 type support: overlay and color key (no memory video pon). The only 
additions to the 5428 suppon will be the internal YUV-> RGB converter able to accept 
sequential 4:2:2 YUV ( 16bit/pel in avaragc: YO,U,Yl,V) and display it as a 24bit/pel RGB 
in the overlay/color-key window. We may also suppon horizontal 1:2 zoom with avarag- 
ing. Nordic- IM will be back-wards compatible to 5428 and ii will suppon also 16bit 5-5- 
5 RGB Sierra and 5-6-5 RGB XGA pixel formats. As m 5428, hve video from the Feature 
Connector can be executed only from mode 5F (640x480 256 colors). 

In the following we will refer mostly to the other two modes of openation: play-back and 
live video from a PCMCIA card, which we 41 call compressed live video, because due to 
PCMCIA bus bandwidth liimtations, we assume that video data received by Nordic is 
compressed with Sashapak (see Sashapak deiailes further in this spec). Please note that 
due to Its huge advantages, it makes sense to use Sashapak as a mother-board solution too 
The main reason we continue to suppon the Feature Connector based live video is the 
availability of drivers for 5428 which will give Nordic an early stan in the live video 
arena. 

Video Memory Band-width Constraints 

Please note thai, even with a 32bit wide Video Memory, there are severe memory band- 
width hmitauons when running 16bil/pel and 24bit/pcl graphics modes. 

Assumming that Nordic- IM does 8 CRT fetches in a row and 1 CPU cycle, for a CRT or 
TFT panel, here are the minimum frequency requirements for memory clock frequency at 
different rezoiutions and pixel depths: 
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R+7P+R=l2m+14m=26m with 1 CPU cycle per CRT FIFO fill fetches daia for 

32B/3B=10pixels 
R+7P = 6m+14m = 20m with no CPU cycle during non-display ume 
nun mclk freq = 65MHz / SOMHz @ 640x480 -> Nordic- 1 M upper limit at 5V CVDD 
= 104MH2 / SOMHz @ 800x600 -> too high 
= 169MHz / 133MHz @ 1024x768 60Hz -> too high 

16bit/Del: 

R+7P+R=12m+14m=26m / R+7P = 20m fetches data for 32B/2B=16pixels 
min mclk freq = 40.6MHz / 36MHz @ 640x480 -> OK even at 3V 

= 65MHz / SOMHz @ 800x600 -> Nordic- 1 M upper hmit at 5 V CVDD 

= 105MHz / 83MHz @ 1024x768 60Hz -> too high 

}?bit/pel: 

R+7P+R^12m+14m=26m / R+7P=20m fetches data for 32B/1.5B=21 pixels 

min mclk freq ^ 30.9MHz / 23MHz @ 640x480 -> OK even at 3V 

= 49.5MH2 / 38MHz @ 800x600 -> OK even at 3V 
= 80-4MHZ / 64MHz @ 1024x768 60Hz -> too high 

Shit/pei: . 

R+7P+R=12m+14m=26m fetches data for 32B/lB=32pixels 
min mclk freq = 20,3MHz @ 640x480 -> OK even at 3V 

= 40.6MHz @ 800x600 -> OK even at 3 V 

= 52.8MHz @ 1024x768 6OH2 -> OK at 5V 

We may conclude that Nordic- IM will be able to run 24bit/pel only at 640x480 rezoiu- 
tion. 16bit/pei up to 800x600, 12bit/pel up to 800x600 and 8bit/pel up to 1024x768 rezolu- 
tion. These results apply only to CRT or TFT and single scan STN panels. 
Please note that for dual scan STN panels the memory requirements increase significantly 

These severe memory bandwidth limitations lead us to attempt to minimize video memory 
traffic. If we store Cinepak data in 4:2:2, with an avarage of 16bit/pel, independent of 
Cinepak window size. Nordic-IM will not be able to run Cinepak above 800x600. 
Any attempt to execute vertical zoom with interpolation, even with two points interpola- 
tion will further aggravate this memory band-width bottleneck. The next step should be 
lOOMHz SDRAM-5 with a large CRT FIFO (32x32) or 64bit wide memory data bus. 
These considerations apply to any playback compression standard that stores data in 
video-memory as 16bit/pel in avarage. The key to a successful compression standard 
would be one that does decompresssion on the CRT memory read and stores data in mem- 
ory' as 8bit/pel or less, in avarage. 

As we store live video at 2.6bit/pel and fetch it as if it was 8bit/pel with Sashapak. 
Nordic-IM should be able to run live video even at 1024x768. 

If we defined a new CDROM play-back standard based on Sashapak, then we could run 
even 1024x768 with 24bit/pel accuracy and keep it memory as an 8bit/p>el. Keith and 
Ken are actuaUy working on it, with Sasha*s lielp. 

4.4.1 On Sashapak Cirrus Confidential CL 152540 
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Sashapak is a highly assymetric, lossy "Block Truncation" compression algorithm opti- 
mized for visually equivalent image processing. 

Data is proccesscd as Y,U,V one byte each. U and V are sub-sampled, charactenzing one 
8 by 8 pixel array, while Y is charactenzing a 4x4 pixel aray . Actually one of two values is 
assigned to each pixel inside the 4x4 (for Y) and 8x8 (for U and V). 
At compression time, the compression chip determines a threshold and two values U&L 
for each group of sixteen (4x4) pixels. This way all pixels above threshold will be 
assigned the value U, all pixels below threshold will be assigned the value L 
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64pixels are described by tt 

6x4B=24B=192bits 

=> 3bit/pel 

Using 6bits for U & L V 
the compression will be 
2.6bit/pel 



U 



BITMAP 



U 



BITMAP 



At decompression, the bitmap will control a mux between the U and L values. This wa\ 
the decompression is straightforward. 

The mam drawback of this approach is that a BITMAP contains Y data from 4 scan lines 
and U,V data from 8 scan hnes. When data is read from memory to be displayed only data 
from one scan line is used. Sinularly the U/L values apply to several scan-lines and the 
same value will be read in each scan line. The same data will be read again and again in 
each scan line raising the acmal memory bandwidth requirements to an equivalent oY 
16bit/pcl map. 

In order to overcome this problem and reduce memory bandwidth requirements, Sasha 
proposed a scan line oriented, segregated mode of data organization. This would 
require the Sashapak compression chip to write compressed data in a specific way puiing 
the strain on the compresion chip address generator. The basic principles of the new orga- 
nizations are: 

1 . Data is orgamsed in the MV Window in chunks of 32 sequential pixels. 
a)For 8bit U/L resolution, as one Y covers 4 pixels. 8 U/L sequeniiaJ values are needed. 
16bits each -> 8xl6/32=4W (8xl2/32=3W for 6bii res. U/L) (where W is a 32bit word) 
b }U and V U/L data is packed together in the same word (16bits for U U/L and 1 6 bits for 
V U/L -> total 32biis=l W) and as one pair of U and V applies to Spixels. 4 such values 
are needed for 32 sequential pixels -> 4x32=4W. (4xi2x2/32=3W for 6bit res. U/L) 
c) The mask dau is also scan-lme oriented: all 32bits of Y mask of sequential 32pixels are 
placed in one 32bit word and due to sub-sampling on U and V, all 32bits of U and V mask 
of sequential 32pixels are placed in one 32bit word. So m 2W data for 32 sequential pixels 
on one scan line is packed. -> 2W (the same for 6bit resolution for U/L) 
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d) For 640x480 window size, even at 8bit U/L resolution, data for 8 scan-lines fits in one. 
DRAM page (symetric DRAM-s assumed): 320WY+80WU+80WV=:480W < 512W page 



480W for one 8x640 pixels block fits tn one page 



SLA= 

MVW 
STARi 



U/L for Y 



U/L for U.V 



Y bitmaps 



UV bitmaps 



8Bii per U/L 
resolution 



n-MVW-Offsei 160W SLA+AOh 80W SLA+FOh 160W SLA+190h 80W ^^^^ Grouped i 
Where Si is scan-line number i inside the block SO SI S2 ... S7 S0,1 ... S6.7 j^-an Lines j 



fl The key to memory bandwidth optimization is the fact the the compression chip will 
organize data sequentially over 32 pixels instead of 8. This will be done for the mask bits 
which will be organized sequentially by scan line and for the U/L data. This way a 32bu 
word of Mask data contains only information for the current scan line and no extra mem- 
ory fetches are required. The mam reason wc segregate U/L for Y and U/V is the fact that 
we want to use 6bit.U/L. In this case it is easier to identify the proper U/L info chained 
within 32bit words if the words are sequential and we have a fix relationship between 
their address and the 6bit U/L quantities. 

g) If we calculate now the amount of data we need to fetch to display 32 sequential pixels: 

- for 8bit per U/L: 4W (YU/L) +4W (UV U/L) + IW (YM) + IW (UVM)=10W=40B 

"> 40B/32pixel$=320bit/32pixels=10bit/pel to fetch from memorv 

- for 6bii per U/L: 3W (YU/L) + 3W (UV U/L) + 1 W (YM) + 1 W (UVM)= 8W=32B ' 

"> 32B/32pixels = 8bit/pixel 
This IS a very good data fetch ratio, much better than the 16bii/pel we'd get without the 
optimization. 

g) When reading data from the Motion Video Window the controller will generate the fol- 
lowing sequence of addresses, all of them in the same DRAM page (8bit per U/L): 

- fetch the YU/L for the first 32 pixels on scan-hne n at addresses: 
MVW.Stan+n*MVW_offset, +1, +2, +3 

- fetch the UV U/L for the first 32 pixels on scan-line n at address: 
MVW_Stan+n*MVW_offsci+AOh, +1, +2, +3 

- fetch the Y BiiMap for the first 32 pixels on scan-hne n at address: 
MVW_Stan+n*MVW.offsei+FOh 

- fetch the UV BitMap for the first 32 pixels on scan-line n at address: 
MVW.Stan+n *MVW_offsci+ 1 90h 

- fetch the YU/L for the fu-st 32 pixels on scan-hne n at addresses: 
MVW_Stan+n*MVW.offset+4, +5, -4^, +7 

- fetch the UV U/L for the first 32 pixels on scan-hne n at address: Cirrus ConfideDtial 
MVW_Stan+n*MVW_offset+Aeh44. +5, +6, +7 Business Information 

- fetch the Y BitMap for the first 32 pixels on scan-line n at address- 
MVW_Start+n*MVW_offset+FOh+l ^ 

- fetch the UV BitMap for the first 32 pixels on scan-line n at address: 152542 
MVW_Stan+n*MVW.offsei+ 1 90h+ 1 

- now the MVW FIFO is full. 

- chunks of ten 32bu words will be proccessed for every 32pixels displayed 

- the MVW FIFO gets empty after the first 10 words being read for decompression and 
display. 

Please note that all data for everv- 8 scaniines staning from the top of the MVW is in the 
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same DRAM page. 

Because we have to fetch the MVW Data before we stan displaying it, and because at thai 
time the CRT FIFO docs not empty as fast as it is needed (unless MS Windows is running 
at the same pixel depth as the MV Window), it is necessary to have a separate FIFO for the 
MVW or at least half the FIFO (at least lOW for 8bit per U/L and at least 8W for 6bits per 

U/L). 

h) When we run 6bit per U/L, because the Video Memory band-width requirements are as 
if we were running 8bit/pel, we could do vemcal zoom with avaraging. But there should 
not be a need for zoom with Live Video because there is enough CPU and memory band- 
width to run 640x480 windows even when MS Windows is run as 1024x768 4 or Sbitypel 

Conclusion: With Sashapak we can get data orgamzed in memory such that the memory 
bandwidth is as for 1 Obit/pel (8bii U/L) or 8bit/pel (6bit U/L) pixel depth. The actual 
memory area will be close to 3bit/pel or 2,6bit/pel depending on the resolution of U/L val- 
ues - 8 or 6bits per value. 

Please note that the memory area will be slightly larger due to the fact that we use only 
480 words in a page of 512. 

4.4.2 YUV to RGB Conversion Algorithm 

The ideal YUV to RGB transformation is: 

R=Y+1.37V 

B=Y+1.73U 

G=Y-0.699V.0.336U 

After defining an objective way of measunng color error, Sasha came up with the follow- 
ing Conversion algorithm: 
R=Y-hl.375V=Y+l 3/8 V 
B=Y+l.75U=Y+l 3/4U 
G=Y-0.375U-0.75V= Y-(3/8U+3/4V). 

This algorithm can be implemented with 8 9bit adders and it should suppon excess 128 or 
two's complement U.V formats (U,V may be negauve while Y is always positive). 
This algorithm will be used with Live Video. 

For Cinepak, the YUV->RGB convener will be reconfigured to the Cinepak YUV->RGB 
conversion rule: 



4.4.2 Motion Video Architecture Functional Blocks 

Instead of treating play-back and live-video as two separate modules, we'll isolate several 
generic functions to be used by both 



R=V+Y 
B=U+Y 
G=Y-V/2-U/4 
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- Display Window Generation Block: 

allows s/w to define one or two play-back or live video %nndow(s). 

The MV Window is defined in memory cycles relative to the start of hnc in honzontal 
and frame in vertical direction. Horizontally the unit of measure is different outside rela- 
tive to the inside of the window: the horizontal window stan coordinate is expressed in 
memory cycles for the surrounding pixel depth (MS Windows pixel depth, normally 4 or 8 
bit/pell, while the width of the MVW is expressed in memory cycles for the MNAV pixel 
depth (8bit RGB, 16bitRGB, 422 YUV spacial. 422 YUV hnear, 4iiyUV hnear, 
Sashapak). 

- XS = NTVW Horizontal Start Coordinate (in surrounding 

pel depth memory cycles) 
The horizontal position is progranwned with 8 pixel resolution 
(0,8,16,... pixels starting from the left side of the screen) 
XS register CR34[7:0] -> 8 bits 
(up to IK pels in increments of 8 pels) 
To get an early warning, we will require XS to be progranuned 
8 pixels less than the actual position; 0 is zero, 1 is 16pels, 2 is 
24 pels,,.. 

- XW = MVW Horizontal Width ( MVW pel depth memory cycles) 

XW register CR35 [7:0] -> 8 bits 
(up to IK pels in increments of 8 pels) 
To get an early warmng, we will require XW to be programmed 
8 pixels less than the actual width: 0 is zero, 1 is 16pels, 2 is 
24 pels,... width. 

- YS = Vertical MVW Start (in true scan-lines not affected by 

scan-line doubling or panel vertical expansion) 
10 bits in CR36[1:0] (msb-s) and CR37[7:0] (Isb-s). 

- YE = Vertical MVW End 

(all bits are programmed, in true scan lines) 

10 bits m CR36[3:2] (msb-s) and CR38[7:0] (Isb-s). 

- SAdOfs Surrounding Address Offset (a number to be added every 

line to the surrounding CRT Address Counter value to allow it to 
jump over the MVW without counting through it. This allows calculating 
the surounding restart address.) This number depends on the surrounding 
mode resolution. Assunung a maximum line of 1024 pels, in increments 
of 4 pels per address (Sbitsypcl), 256 addresses is enough -> 8bits. 
8bits in CR39[7:0] 

- WMAdS = MVW Memory Address Start in increments of 

16KB - 4KW (a phisical address 00000:3FFFF for 1MB or. 
00000:7FFFF for 2MB Video Memory). 

7bits m CR3A[6:0] C'*"™* ConfideDtial 

Business Information 

- WMAdOf = MVW Memory Address OfTset (A number to be added to 

the current MVW Start Address to get the next MVW start Address) 
Having this s/w model allows panning through a large image for the 
MVW' The actual image stored in memory may be as large as IK pixels 
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at 16bit per pixel (2 per word) -> 9biis. 

9biis -> in CR36[4] (nisb) and CR3B[7:0] (Isb). 
Because the CRT Address Counter counts surrounding memory cycles, dunng the MV\V' 
display it would count a wrong number corresponding to the MVW pixel depth. To avoid 
this wrong count, the CRT Address Counter is stopped while MVW is displayed and 
loaded with the value corresponding to the end of MVW and restan of the surrounding 
display. As this address value changes every line, an offset is specified and will ba pro- 
grammed by the MS Windows dnver depending on the MVW size and pixel format 
The horizontal size of the window is controlled by a different counter counting to XW 
Dunng the MVW display the adddress will be generated by the same CRT Address 
Counter which will be loaded with a MVW Memory Address Stan (WMAdS). 

- XW8P = MVW Horizonul Width in 8 pixel units Defines the size of 
the window in 8 pixel units. It is used to tcmunaie the window horizontally. It may require 
to program the value minus one or two. To be Defined Later. Register CR3D[6:0] will 
contain this value. 

Every scan-tine 

MVW Scan-Line SUrt Address = Previous Scan-Line MVW Surt Address + WMAdOf 

Scan-line doubling for "zoom" should be taken into account when designing the 
MVW Architecture: on the address generation block. 

- Off-screen MV Memory Addressing and Access ControL This includes data type tag 
generation based on MV memory Address and the circuitry placing the tags in the CRT- 
FIFO. This block has provisions for scan line replication by repeating the MV address 
generated on the previous scan line of the MV window (only). 

As Cinepak needs 4:1:1 rectangular format the MV Memory Address Counter needs to 
count in a non sequential way: 

YOSn YlSn Y2S(n+l) Y3S(n+l) U V 
implies an address counter that can skip over two numbers, or maybe a second address 
counter that starts counting from 2 instead of zero. 

- One tag bit is generated based on CRT Address and is 1 if the data in the CRT 
FIFO is from the MVW, other*wise is 0. This tag bit, called the steering bit will be 
delayed through the entire data path and end up controlling the final video data mux just 
before the DAC. 

Other Ug bits called "data-type** tag bits encode the type of 32bit word in a given 
data format and are used by MVW Decoder/Serialiser to steer CRT-FIFO data at CRT- 
FIFO read. 

For instance, in 4: 1 : 1 linear data format, data is stored in memory and in the CRT-FIFO 
as YOY 1 Y2Y3 U03 V03Y4Y5 Y6Y7 U47V47, 3 groups of 32bits. Two "data-type tag 
bits will mark the three types of 32bit words so that steenng logic knows where to place 
the three words m the data senaliser. 

Similarly Sashapak will need 3 "data-type" tag bits to encode 8 32bit words (for 6bit per 
U/L) or 4 "data-type" tag bits to encode 10 32 bit words (for 8 bits per U/L). 

16bit RGB 5:6:5 and 5:5:5 and 8bit RGB 3:3:2 can either use the sUndard VGA dau 
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path, which in 5428 was extended to I6bit wide (used for I6bit/pel lkx768 interlaced) or 
the new data path, if a phisically new data path will be actually created. 

- MV Data Path * This is area wise the largest piece. It consists of a new I6bii wide data- 
path with the same delay as the VGA data path, that takes MV data from the MV prefetch 
cache and the CRT FIFO, treats it appropriately depending on the MV data format 
encoded in the MV tags and converts it to 24 bit YUV first and 24bit RGB second. Hori- 
zontal zoom with avaraging (or maybe 5 levels of interpolauon) is in this block too. 

- Larger (26 or 24 sUges) CRT-FIFO, Variable CRT-FIFO threshold and its con- 
trol. Because the MS Windows pixel depth and MVW pixel depth don't match, u ts nec- 
essary to reserve CRT-FIFO space to fill in enough high pixel depth data before the 
MVW display starts. In Sashapak this means 10 or 8W (for 8 or 6bns per U/L respec- 
tively). 

This function can be implemented as a dinamic threshold size modification of the CRT- 
FIFO. If the CRT-FIFO has 24 stages instead of 16 but only 16 suges are used before the 
MVW but it is switched to 24 when MVW fetches start, there will be 8 more stages to fill 
at that time ensuring more prefetched data in the CRT-FIFO at the beginning of each 
MVW scan-line. 

In normal operation the threshold is 8 (or 6 ). 

Here is the sequence of events that follow the detection of MVW start; 

1. Drop CRT-FIFO threshold to 1 to get Inunediat service 
& make 10 (or 8) more sUges available in the CRT-FIFO. 

2. Start fetching MVW data till CRT-HFO is full. 
(BLT in progress will increase latency) 

3. Increase threshold to 10. 

4. Proceed as such till end MVW. 

5. Load the CRT Address Counter with 

its last contents SAdOf 
(where SAdOf » Surrounding Address Offset) 

7. Continue fetching based on the new address 

(start with random cycle). CRT-FIFO threshold remains the same 
- at least 10 or 8. CRT-FIFO size is still 26 or 24. 

8. At the end of line, upon (lushing the CRT*FIFO before prefetch, 
decrease CRT-FIFO size back to 16 keeping the threshold the same. 

9. Go back to #1 for the next scan-line. 

This sequence is applied if MVW pixel depth is higher than surrounding pixel depth. 
If MVW pixel depth is lower than surrounding pixel depth, then the action described 
at #1 above takes place at the end of MVW, instead of the beginning. In other words, 
FIFO depth extension takes place when a switch from low to high pixel depth occurs. 
If MV^W pixel depth is the same as the surrounding, only the address is switched. In 
this case the CRT FIFO depth and the threshold remain the same. 



- Steenng logic decode the tags comming out of the special addiuon to the CRT-FIFO and 
the pre-fetch buffer and controls the decompression, formaamg and serialization. 
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(they tell the formatter what data is Y, U or V). 



- What about the video serializer load and the CRT FIFO read signal? What hapens to 
them when in MVW? They are one signal today. 

WHEN the data path switched to display MVW data, what hapens with the VGA Video 
Data Path is don't care as we do not display that data, except for the h/w cursor anf the h/ 
w icon that do not go through the standard VGA senalizer. So we'll probably stop the 
VGA data path untill the point h/w cursor and h/w icon are combined into it, to save 
power, as we will stop the MVW data path when not in use, for the same reason. 
So. the Video Serializer Load may be stopped while MVW data is displayed, but the 
CRT FIFO read will be going on, with a frequency and shape depending on the data 
format loaded in the CRT FIFO for display. 

In RGB 3:3:2 8bit/pel direct color mode CRT-FIFO read will be generated every 4 vclks. 
In standard RGB 5:5:5 or 5:6:5 16bit/pel modes CRT-FIFO read will be generated every 
two vclks. 

In YUV 4:2:2 24bit/pel (YO U Yl V on one scan line) the CRT-FIFO read will be gener- 
ated also every two vclks. 

IN Sashapak 10 (for 8bit per U/L) or 8 (for 6bit per U/L) CRT-FIFO read pulses will be 
generated every 32 vclks. 

- The MVW Address Counter, loaded at the beginning of each MVW scan-lme with a start 
address calculated based on the Stan MVW Address and the MVW Address Offset, will 
count at format dependent rate for as long as the CRT-FEFO is not full. Because the CRT- 
FIFO will be emptied faster in the MVW (in general the pixel depth will be higher in the 
MVW) there will be requests for more memory cycles when displaying in the MVW. 

• If either h/w cursor or h/w icon are on, they should be displayed even if the direct data 
path IS used. In this case both video data pathes will clock and the steer tag will point lo 
the VGA data path when either h/w cursor or h/w icon or both are displayed, even on top 
of a MV window. Please note that neither the h/w cursor, nor the h/w icon data go through 
the CRT FIFO or the VGA Data path except for the final pixel address block and the 
RAMDAC RAM, though they have a special path in the RAM. So we could stop most 
of VGA data path (including the internal palette) but not all of it even if we are in 16bit/pel 
mode (the new one that goes through a separate 16bit data path). 

- If we are in a 16bit/pel mode with no h/w cursor or h/w icon, or in a 640x480 MVW 
mode filling the screen, we can stop the VGA data path to save power 

- The off-screen MVW memory will be a programable stan memory array normally 
placed towards the end of the memory, but before h/w cursor, h/w icon and the half frame 
buffer, even the color one. The stan of the MVW memory will be programable in incre- 
ments of 4KW ( 1 6KB ) as a physical address -> 7bits to program. 

CR3B[6:0] is the MVW Memory Array SUrt Address 
2MB configuration will support enough memory to support: 

- one 640x480 3bil/pel window or up to two 320x240 3bit/pel (Sashapak) -> 32KW 

- one 640x480 16bit/pel window or two 320x240 16bit/pel windows 

f 153.6KW=614.4kB out of 256KW or 5I2KW available depending on the memorv- con- 
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figuration) . 

- all of the above at the same time up to a total of two windows though. 

1MB configuration will support: 

- one 640x480 3bit/pcl Sashapak window or two 320x240 Sashapak windows or 

- two 320x240 16bit/pcl windows. 

Please note that about 24KW are needed for 800x600 DS Color STN HFB, the h/w cur- 
sors and h/w icons while about 18KW are needed for 640x480 DS Color STN HFB and 
that 

- 640x480 4bit/pel requires 38.4KW 

- 800x600 4bit/pel requires 60KW 

- 1024x768 4bit/pel requires 98.3KW 

- 640x480 8bii/pel requires 76.8KW 

- 800x600 8bit/pel requires 120KW 

. 1024x768 8bit/pel requires 196.608KW 

Video Motion Formats supported are: 

- 8bit RGB 3:3:2 going through the palette (RGB 3:3:2) 

- 16bit RGB (5:5:5 Sierra and 5:6:5 XGA) not going through the palette -> this is a 16bit/ 
pel that does not require double dotclock !! 

- 4:1:1 array converted to 4:2:2 YOY I Y2Y3UV.> YOUY IV Y2UY3V for Cinepak 

(with Y2Y3 for the next scan line) 

- 4:2:2 Unear YOUY IV from TV Decoder 

- Sashapak format (we'll support only 6bit/pel) 

- for 8b!t perU/L: 

4W (YU/L) +4W (UV U/L) + IW (YM) + IW (UVM)=10W=40B 

-->40B/32pixels=320bit/32pixeis=10bit/pel to fetch from memorv 

- for 6bit per U/L: 

3W (YU/L) + 3W (UV U/L) + IW (YM) + I W (UVM)= 8W=32B 
"> 32B/32pixels = 8bit/pixel 

CR3C[3:0] will encode the pixel format for the first mouon video window data. 
Oh = 0000 = 8bu RGB 3:3:2 going through the palette 
Ih = 0001 = 16bit RGB Sierra (5:5:5) 
2h = 0010 = 16bit RGB XGA (5:6:5) 
3h = 0011 =4:2:2 YUV YOUYIV 
4h = 0100 = 4:1:1 YUV linear Y0Y1Y2Y3UV 
5h = 0101 =4:1:1 YUV array Y0Y1Y2Y3UV but Y2Y3 are in next 
scan line 

6h = 0101 = Sashapak 6bits for U/L 

7h = 01 10 = Sashapak 8bits for U/L 

8h:Fh = 0111:1111 = reserved 
CR3C[4] = Enable Motion Video Window 
CR3C[5] = Enable Live Video in Full Screen ' 
CR3C[7] = MVW horizontal zoom (doubling) 
CR3C{6] = MVW venical zoom (doubling) 
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I Note: We will not suppon 4: 1 : 1 linear from TV decoder, for design simplicity. 

Memory data formats: 

- 8bu and 16bit RGB, as in 5428. 

-4:1:1 Cinepak converted to 4:2:2 by writing a 4:2:2 Code-Book 
first scan line -> YOUYl V -> One 32bit Word 

second scan line in memory -> Y2UY3V -> One 32bii Word 

- 4.2:2 linear will be mapped in memory as follows: 

first scan line YOUYIV 
first scan line Y2UY3V 

consecutive data in the same scan line. 

The tags that accompany the motion video data through the CRT-FIFO mark both the data 
format and the type of data inside the format (U/L for Y or U,V or niask for Y or U,V in 
Sashapak, YO, Y1,U or V m 4:2:2). 

Double Buffenng for MVW Video Memory Data 

In order to get a high quality Live Video full frames should be displayed at all times. This 
assumes that writing the video buffer and displaying it are in sync, which is normally not 
the case. 

To solve this problem and provide a simple interface between MVA h/w and the dnver, 
Nordic will suppon a double buffer approach: 
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Full Screen in a given graphics mode 
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Where: 



XS = NfVW Horizontal Start Coordinate (in surrounding 

pei depth memory cycles) 
XW = MVW Honzontal Width ( MVW pel depth'memoty 
cycles) 

YS = Vertical MVW Stan (in true scan-lines not affected by 
scan-lme doubling or panel vertical expansion) 
YE = Venical MVW End 
(all bits are programmed, in true scan lines) 
WAdOf = MVW Address Offset (a number to be added 

every line to the CRT Address Counter to allow u to jump 

over the MVW without counting through it. 
XW8P = MVW honzontal width expressed in 8 pixel units 



Please note that MVW honzontal width is defined twice m different units: 
XW defines it on the memory side in memory cycles 
"XW8P defines it on the CRT side m 8 pixel units 



Cirrus Confidential 
Business Information 



CL 152550 



Nordic-IM Design Specification rev.5.0 December 21, 1998 



23 



Cirrus Logic, Inc. Confidential Information 



Video Memory 
Data 



CRT& MVW Addr. Dec. 



J. 

T 
A 
G 
S 



I 



i 



CRT-FIFO 



tags 



Steer 
Tagf 

&h/wcn 

&h/w i 

'd 

L 



C 

c 

M 

3 



t 

E 
L 
Y 



MVW. FIFO 



Steer-tag 



VIDEO 
CONTROLLER 



3 



▼ tags 
Data in Different 
Formats 



Sashapak 
and 4:2:2 
Decompr. 
& 

Seriaiizer 



Data Format 



tags 



Upsampiing 
& 

Filtering 



PALETTE 



T 



I 



YirV->RGB 



I 



We'll need to 
match the delay 
in the two data 
pathes. 



16bit/pel will go through the 
MVW data path in all cases. 



24^ 



Video Data 
to 

DAC and Panel 



Nordic-IM Design Specification rev.5.0 December 2K 1998 24 

Cirrus CoDfldeotial p. iC'jcci 

Business Information 152551 



Cirrus Logic, Inc. Confidential Information 



4S Feature Connector Support 

Nordic- IM will support 5428 Feature Connector so that it is compatible to Media Man- 
ager. 

Nordic- IM will support VAFC (Vesa Advanced Feature Connector) in the 8bit VSVPC 
passthrough compatibility mode. 

The main difference beteen 5428 FC and Nordic FC is the fact that 5428 FC has one 

EDCLKn control pin controlling the direction of the DCLK pin J while Nordic- IM as well 

as VAFC have a FCDCLK output pin and a FCVCLK input pin. 

Dave Keene believes that 5428 FC is VAFC compatible. To ease the design, I kept 5428 

FC pin names (not VAFC pin names). 

On VAFC compatibtlitv here are some comments: 

- GENCLK can be applied on XVCLK if SR22[3]=L 

But, if SR22[3]sl (select xclk) & SR24[7]sl (VAFC enabled), then XMCLK 
should get OSC and MCLK Synthesizer operates normally, except that the reference 
frequency conies from XMCLK instead of OSC pin. If SR22[3]3:1 & SR24[7]=0, then 
MCLK conies directly from XMCLK pin and the MCLK and VCLK Synthesizers 
are powered-down !! 

- GRDY signal is similar to OVRW. 

- VRDY IS similar to EVIDEO if EVIDEO is dinamically switched as a valid data m sig- 
nal. 

- EGENn is not needed if we configure Nordic- IM in the right configuration with 
SR22[3] (XCLKPU) and SR24[7] (V AFCPU). 

- As VAFC maximum FCVCLK frequency is 37.5MH2, VAFC supports a mode in 
which data is sent at 37.5MHz to the DAC and it each pixel will be displayed twice if the 
chip IS running at 75MH2 pixel clock. This allows only 8bit/pel data to be displayed. To 
display 16bit/pe] data we should use both phases of the FCVCLK and pack the data into 
one pixel. I think that this is already done m 5428, if not Man-Shek and Fong-Jim are 
modifiying the 5429 RAMDAC to suppon this mode -> we need to support it too. 

- VAFC requires FCDCLK to be switchable under s/w control beteen Ix and l/2x the 
pixel clock. If we took this out of Nordic- IM data base, we should put it back, but the 
divide by two should affect only FCDCLK going out of the chip. 

Check VESA VAFC Proposal l.Op rev. 0.31 07/15/93 for VAFC timing info. 

Nordic-IM FC Pins Functional Description 

Most of this IS from 542X Data Sheet ^age 3-26: 

VSYNC and HSYNC TO The standard CRT pms ui-stated when FCES YNCn is L. 

Thes pms have programable polanty. 

FCBLANKn VO BLANKn in 5428. If FCESYNCn is H, this is an output 

and It supplies the actual composite BLANKn CRTC signal. 
VAFC requires this to be the composite Display Enable 
(no borders). If this is the case, we'll need a bit for VAFC 
that puts DE = HDE & VDE mvened on BLANKn. 
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If FCESYNCn is U FCBLANKn is an input and ii forces 
RAMDAC RAM outputs to 0 (black), but it should force 
them black before they go to the panel. 
It seems that by connecting OVRW output to BLANKn as 
input we can display FC data in a window - this will work 
though only if OVRW, internally controls the pixel address 
mux between normal VGA data and the FC data. 
FCP[7:01 VO P[7:0] in 5428. 

If FCEVIDEOn is H, these pins are outputs and 
represent the pixel address of the RAMDAC. 
IF FCEVIDEOn is L» these pins are inputs and represent 
the pixel address to the RAMDAC. 
CR 1 A[3:2] control the way the FCP(7:0] are muxed with 
the normal data. 

FCDCLK 0 (the actual pin is I/O) outputs VCLK or VCLK/2 if selected through s/w. 
FCESYNCn I ESYNCn in 5428. Controls HSYNC, VSYNC and FCBLANKn 

(H-> outputs, L-> HA^SYNC are tri-statcd, 

FCBLANKn is tri-stated.). 
Nordic does not have EDCLKn input as FCDCLK and FCVCLK are not shared. 

OVR\y O OVRW m 5428 = Overlay Window. This active Low signal, is generated 

by the BLANKn VT and HT logic (shared) and is supposed 
to be used to create an Overlay Window in which dau 
from the Feature Connector is displayed. / don 't knp^ 
why we output this signal. It should be controlling the 

MUX between the normal pixel address and the FC 

originated pixel address. 
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4i.l On the Video Port for TFT Panels 

A Video Overlay live video solution requires a TV Decoder Chip Set, a de-mierlacer (at 
least a line buffer* but usually a full frame buffer), a scalar/filier/color convener chip (like 
CL-PX0072. CL-PX0070 or the more expensive CL-PX2070). To display live video in a 
window at 800x600 or 1024x768 a full frame buffer is needed and some frame level syn- 
chronization needs to be achieved. 

Is there a cheap way to display full screen TV on a 640x480 panel? 
Is a video port a cheap system solution to the above problem? 

Can we design a system that uses a universal TV Decoder like SAA7 15 1 A and feeds data 
directly to a Video Port that displays live video at 640x480 30fps with no additional com- 
ponents? This is what customers require! 
Problems to solve: 

1. Accept 7151 data format: 4:2:2 YUV at 6.75MH2 or 4:1:1 YUV at 3.375MHz, inter- 
laced. 

2. Synchronize at frame level. 

3. De-interlace. Optionally display only odd fields with scan line doubling (according to 
Sasha this looks better than displaymg true de-mterlaced picture). 

4. Get enough memory bandwidth with a 32bit wide DRAM. 

5. Have enough storage space on the Graphics Controller to go over the CRT honzontal 
non-display memory refresh & prefetch time while Live Video Data comes at normal TV 
display speed. 

4.5.1.1 Data Format 

In order to accept YUV data, we need good up-sampling filters on U and V. After up-sam- 
pling and filtenng we need a Color Space Convener with 2-th complement (for 7151) or 
excess 1 28 (for other TV decoders). A good 4:1:1 UV up-samphng filter is quite complex 
and requires many stages of pipe-lining (9 or 1 1) . A good 4:2:2 UV up-sampling filter 
requires less than 5 stages of pipe-lming. 

As data is stored in TV decoder format, up-sampling, filtering and color conversion are 
done on the CRT read side at dot-clock rate. 

Please note that 4: 1 : 1 data requires 48 bits of storage (two data packs will fill 3 32 bit 
words). 
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4^.1.2 Synchronize at Frame Level 



To avoid moving objects jagging we should display only full frames. In many systems 
today this requirement is not met. For instance play-back systems display as fast as possi- 
ble without any regard for frame synchronization. According to Sasha this is not good for 
TV. How bad it is remains to be seen. 

If the CRTn"FT display runs at 27MH2 (double TV dot-clock rate) it is possible to use a 
double buffer scheme m which we display twice each frame while writing one TV frame 
in the other video buffer and alternate the two buffers. For a 640x480 display at 4:2:2 
YUV we'd need 2MB of DRAM, as the buffers are embedded in the Video Memory 
(614.4KB per buffer needed). 

Even with this scheme, external VSYNC from the TV Encoder should be used to synchro- 
nize reset) Nordic vertical counter, so that TV and Graphics. frames start at the same 
time. SAA7151 outputs VS (TV VSYNC) which can be used as external SYNC by Nor- 
dic 

If only odd fields are displayed, half data is stored reducing Video Memory requirements 
to 307KB per frame (614KB total which fits in 1MB). This is not a bad idea especially if 
the picture looks better! 

4.5. L3 De*interlace 

This is naturally done by writing data in the Video Memory. If only odd fields are dis- 
played; Nordic has to determine the field boundary by counung HS (TV HS YNC) pulses. 



4.5.1.4 Memory Bandwidth with 32bit Wide DRAM 

There are two cases: 4:2:2 YUV and 4: 1 : 1 YUV. 



A. 4:2:2 YUV Bandwidth Requirements 

CRT-dot-clock frequency = 27MHz, TV-clock frequency = 13.5MH2 
R=6m, P=2m 
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CRT-FIFO = 16 sugcs with 8 to write and 8 to read 
2xCRT-FIF0-fills + TV-FIFO-empty < 2x16 CRT^dotclks=16 TV-dotclks=l I85ns 
2x(R+7P) + R+7P + 3m s 3R+21P+3m-18m+42m+3m = 63m < U85ns 

mclk-pcnod < 1185ns/63 = 18.8ns -> 53MH2 nun mclk" frequency 

b. TV-FIFO = 32 stages with 16 to write and 16 to read. 
CRT-FIFO = 16 suges with 8 to write and 8 to read 

4xCRT-FIF0-fills + TV-FIFO-empty < 4x16 CRT-dotclks=32 TV-dotclks=2370ns 
4xfR+7P) + R+15P + 5m = 5R+43P+5m=30m+86m+5m = 12im < 2370ns 

mclk-pcriod < 2370ns/121 = 19.58ns •> 51MHz mm mclk frequency 

c. CRT-FIFO = 32 stages 16 to write and 16 to read @ 27MHz 
TV-FIFO - 16 stages 8 to write and 8 to read @ 13.5MHz 

CRT-FIFO-filis + TV-FIFO-cmpry < 32 CRT.dotclks=16 TV.doiclks=1185ns 
(R+15P) + R+7P + 2m = 2R+22P+2m=12m-MMm+2m = 58m < 1 185ns 

mclk-period < 1 185ns/S8 = 20.43ns -> 48.9MHz min mclk frequency 

Please note that Nordic already has 32 (or 36 stages of CRT FIFO - MV A FIFO) and 
24 stages of FB-FTFO (write ^ read). So if we use all the buffering area available we 
can meet case c requirements and run direct live video at 48.9MH2 mclk. 

d. CRT-FIFO = 24 stages (12/12) 
TV-FIFO = 12 stages C6/6) 

CRT-FIFO-mis + TV-FIFO-empiy < 24 CRT-dotclks=12 TV-dotclks=888ns 
(R+1 IP) + R+5P 2m = 2R+16P+2m=12m+32m+2m = 46m < 888ns 

mclk-penod < 888ns/46 = 19.3ns -> 51.8MH2 min mclk frequency 

B. 4:1:1 YUV Bandwidth Requirements 

a. CRT-FIFO = 24 stages (12/12) 
TV-FIFO = 12 stages (6/6) 
CRT-FIFO-fills + TV-FIFO-cmpty < 32 CRT-doiclks= 1 6 TV-dotciks= 1 1 85ns 
(R+IIP) +R+5P + 2m = 2R+16P+2m=12m+32m+2m = 46m < 1185ns . 

mclk-period < 1 185ns/46 = 25.7ns -> 38.8MHz min mclk frequency 

Because 3x32bit house 8 pixel data, it js advisable thai the number of stages m the FIFO-s 
are a multiple of 3 for 4: 1 : 1 . 

For 4:1:1 YUV, the picture quality is not that good as for 4:2;2t the control require- 
ments are harder to meet, the filter on U and V is expensive, but the bandwidth 
requirements are easy to meet 

4.5.1.5 Covering the Memory Refresh and CRT-FIFO Prefetch Time 

Dunng each honzontal non-display time, Nordic executes memory refresh (normally 3 
with an option of 1 - all random cycles), h/w icon and CRT -FIFO prefetch cycles. 
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At that lime the TV data comes at normal rate and has to be stored in the TV-FIFO. Let s 
see how long it takes to execute all these cycles. 

a. With reference to case A.c. 4.5. 1 .4 

(4.2:2 YUV the case that meets bandwidth requirements at 48.9MHz mclk) 

X. CRT-FIFO = 32 stages, 3 refreshes, h/w icon 64x64x2 (4 h/w icon cycles) 
R+31P + 3R + R+3P + 3m = 5R+34P+3m=30m+68m+3m=101m < 11 85ns 
•> m < 1 185ns/100m=11.7ns -> min mclk freq. is 85MH2 
(off by about 42mclks to get to 50MH2 mclk). 

y. CRT-FIFO ~ 32 stages, 3 refreshes, h/w icon but prefetch 16 CRT-FIFO stages 

(no need to fill the FIFO at the bcgimung of the line). 
R+15P + 3R + R+3P + 3m = 5R+18P+3m5s30m+36m+3m=69m < 1185ns 
-> m < 1 185ns/69m=17. 17ns -> min mclk freq. is 58.2MH2 

z. CRT-FIFO = 32 suges, 1 refresh, h/w icon but prefetch 16 CRT-FIFO suges 
(no need to fill the FIFO at the beginning of the line & use extended 
refresh DRAMs). 

R+15P IR + R+3P + 3m = 3R+18P+3m=:18m+36m+3m=57m < 1185ns 
-> m < 1 185ns/57m=20.78ns -> min mclk freq, is 48.1MHz 

This case meets the minimum requirements for non-display time buffering. 



b. With reference lo case B.a. 4.5. 1 .4 

(4:1:1 YUV the case that meets bandwidth requirements at 38,8MHz mclk) 

x. CRT-FIFO = 24 stages. 3 refreshes, h/w icon 64x64x2 (4 h/w icon cycles) 
R+23P + 3R + R+3P + 3m = 5R+26P+3m=30m+52m+3m=85m < 1 1 85ns 
-> m < 1 185ns/85m=13.9ns -> min mclk freq. is 71MH2 
(off by about 26mclks to get to SOMHz mclk). 

y. CRT-FIFO = 24 stages, 1 refreshes, h/w icon but prefetch 16 CRT-FIFO stages 
(no need to fill the FIFO at the beginning of the line & extended refresh DRAMs). 

R+1 IP + IR + R+3P + 3m = 3R+l'4P+3m=18m-f28m+3m=49m < 1 185ns 
-> m < 1 185ns/49m=24. 18ns -> min mclk freq. is 41.3MHz 

Case b.y will do it for an mclk frequency above 41. 3MH2. 

Note. If required, we could disable the h/w Icon and h/w Cursor when m full screen live 
video from Video Port. 
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Conclusion on Viden Port Cheap System Solution 

It is possible to achieve a minimum cost mother-board solution for full screen 
640x480 30fps live video by interconnecting directly a . digiul TV decoder to Nordic 
Video Port under the following conditions: 

1. Prefetch only half CRT-FIFO instead of the entire FIFO 

2. Do one refresh per line (eventually use extended refresh DRAMs) 

3. To display 4:2:2 YUV use 32 CRT-FIFO stages and 16 TV-FIFO 
stages (between CRT-FIFO and MVA-BufTer we have enough 
storage now, but it has to be reconfigured). Minimum memory clock 
frequency is 48.9MHz 

4. To display 4:1:1 YUV use 24 CRT-FIFO sUges and 12 TV-FIFO 
stages. Minimum memory clock frequency is 41.3MHz. 



Under t he sam e conditions, it is possible to display live video in a window with a 
640x480 TFT panel, but the image has to be scaled-down and filtered with PX0070 or 
PX0072 - a more expensive solution. Also, during the actual live video display time, 
CPU and BLT wUl get very few cycles. This is not a factor with full screen live video 
as the CPU does not need to access the Video Memory at that time. 

The question is now: how much cheaper is this solution relative to a full screen TV 
with overlay ? Sasha is working on a cheap solution with overlay. 



Minutes of the Meeting on MM in Nordic in Nov. *93 



With D.Keene, Keith, Del and Nordic Team on 

- Video Pen with 32bit memory is bwth. lunitted. It is not a good solution for 32bu bus - 
better use Overlay or Sashapak. 
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4.6 On WavePort Architecture and Audio Driver 

Starting from Dave Kcenc's WavcPon Specification, Rakish, Sasha and Vlad came-up * 
with some ideas which could greatly simplify the design work for WavePort, reducuon the 
complexity and the number of gates of the WavePort. 
We'll Stan with the small issues and move towards more important issues. 

4.6.1 AUXSl and AUXS2 Pin 

A. Dave proposed to share this pin with PDN (Power Down) WavePon Pin and configure 
It as AUXS2 when using 423 IS. 

We nouced that 423 IS does have a PDN pin which we'd like to use to save power 
We'll put AUXS2 on another pin, 

B. Dave proposed to have a fully programmable location for AUXSl and AUXS2 CPU 1/ 
0 map with a default at 530H and 388H. This is costly (4 registers and fast comparators) 
and very difficult to design at required speed: will slow down address range decode for 1/ 
O a lot affecting command to command parameters. 

We suggest to have a fix address for these pons: 530H and 388H. 
Two register bits (one per address) can disable the chip from answering to these I/O 
addresses. 

If we are not sure where to place these poru, we can leave it as a metal option for future 
modification or have one more alternative for each, but the address should be fix for fast 
decode, 

GR58:GR5B are no longer needed if this option is accepted. We'll need two bits to disable 
530H and 388H address decode and eventually two other bits to select other rwo alternate 
I/O addresses. We should always decode 16 addresses: 530:53F and 388:397 (not 4 or 16) 

4.6.2 WavePort R/W Buffer Location and Size 

To simplify the h/w and reduce verification work-load . WavePon R/W Buffer Size 
should be fix: 32KB for each, enough for at least 1 80msec of operation -> 90msec for half 
buffer. Every 90msec the CPU will have to fill and/or empty half Audio Buffer (wnte or 
read respectively). 

It IS also possible to place the WavePon memory buffer in a fix memory location, com- 
rnon for both desktop and ponable architectures. We could place it in Memory in the 
upper pan 

( m high address area), just before the h/w cursor. If the h/w cursor takes the upper 1 6KB 
of the memory, we could use the next 64KB for the WavePon buffer. 
Going down in memory, m Nordic we'd place the h/w icon in the next 16KB (only 4KB 
needed now... but leave some room for expansion) and the Half Frame Buffer for mono- 
chrome and color panels in the next 32KB and 96KB respectively. 



Total: 



96KB for CRTATT/SS STN paneU, 
128KB for monochrome panels and 
192KB for dua] scan color STN panels. 
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When the memory is expanded, all these fix components should move automatically in the 
upper side (towards the end of memory). 

This places the WavePort buffer at: 

- for 1MB of memory by 32 (256Kx32 -> 00000:3FFFF) 3B000:3EFFF 
-for2MBofmemoiy by32(512Kx32-> 00000:7FFFF) 7B0(K):7EFFF 

If we adopt this solution, GR43 is not needed. 

4.6.3 On Host Access to WavePort Buffer 

In order to ensure independence between the Graphics s/w Driver and the Audio Driver, 
taking into account AVG A limitation of no CPU accesses during BLT operauon, Dave 
proposed a separate path for WavePon Host Accesses. This involves a separate 4 stage by 
32bit write and read buffer and separate arbitration for the Audio cycles. The buffer is 
shared by WavePon read and write operations and an I/O to an extension register bit is 
needed in order to switch from a read. operation to a write operation or vice-versa. 
Dave also proposed that the host address be dependent on GR6 CPU address map bits 
such that the video and audio address maps don't overlap. 

Please note that this approach prevcnu debug with a Hercules card when in graphics. 
In the following an alternate scheme is proposed: 

- There is one register bit that enables WavePon memory write accesses and one register 
bit that enables WavePon memory read accesses. When one of these bus is assened .the 
chip expects only host accesses for the WavePort: the host address will be automatically 
translated to a memory address inside the WavePon buffer. The access will be fully linear. 
32bu only* graphics mode independent (like m extended Sbit/pel). The Graphics block 
will be forced to this mode and all planes will be automatically enabled. On the Host side, 
the WavePon buffer will be placed always at AOOO:00(X) • AOOO:FFFF -> 64KB with 
32KB for read buffer (the upper side) and 32KB for wnie buffer (the lower side of this 
64KB segment). 

- The CPU Data Path is the same as for any other CPU cycle: no special FIFO, no special 
arbitration are required. The Audio Driver and The Graphics Dnver communicate through 
interrupts: There is an interrupt for BLT completed (Dave's idea when presented with this 
proposal) and an interrupt for Audio Buffer Full (or Audio Transfer Completed). When 
the BLT IS completed, if Audio is enabled on the chip, the BLT Completed mterrupt 
allows the Audio Driver to check if there is any need to service the Audio and vice-versa. 
If possible, the Graphics driver should restrict the extent of the BLT operations to less than 
160msec or so (leaving at least 20msec to start filling the WavePon buffer). 

- There is no on chip CPU WavePort address generation. The CPU address in the range 
ACKXX): AFFFF (mcrememed by 4 every cycle for DW accesses) is translated to physical 
memory address 3BOOO:3EFFF. If host side WavePort pointers are- used, the host address 
IS latched and translated for comparison with the Codec pointers generated on chip 

Adopting this scheme would greatly simplify the extent of the design and verification 
work for WavePon: 8 weeks at least will be saved. 



Nordic- IM Design Specification rev.5.0 December 21. 1998 33 

Cirrus Confidential 152560 
Business Information 



Cimis Logic, Inc. Confidenual Information 



4.6.4 On the Audio Driver 

Dave proposed that the Graphics Controller has h/w to compare the WavePort pointers 
and generate interrupts. The Codec pointers are I/O readable by the host as well as several 
buffer status bits (Audio- IN buffer Full, Audio-In buffer half-full, Audio-Out buffer half- 
empty, Audio-Out buffer empty,.,.)- 

Nordic-IM will support Dave's proposed interrupt driven interface. 
In this case the only important difference for the driver will be that it will have to generate 
the buffers address and not rely on the h/w to do this (Dave suggests that CPU will wnte 
and read always the same address ACXX):0 or B000:0 and the actual address on the host 
side is generated on the chip - we sugest to change this and let CPU generate the address). 

Because CPU has to wait untill the a BLT operation is complete and the BLT has to wait 
for Audio buffer to be full or the transfer completed, two more interrupts are needed: BLT 
operation completed and Audio transfer completed. This way the Audio Dnver and the 
Video driver can communicate with each other. 

The Read and Write CPU side pointers will be generated by latching the last read and 
write WavePon CPU address (lower 16bits only) after translauon to physical' memory 
address. Comparators on the host and codec pointers will generate Buffer Full and Buffer 
Empty signals. 

Jeff Ort drew our attention to the fact that the driver transfers a certain size block and 
needs an interrupt anytime half of what was placed in the Audio buffer was read by the 
Codec (the play-back buffer is half empty). To make things simple for the h/w, we pro- 
pose to give Jeff an interrupt when the CODEC side playback buffer read pointer reached 
a preprogrammed value, value the driver programs cverytime it transfers a block of a cer- 
tain size in the playback buffer. For instance, if the driver put 2KB of data m the playback 
buffer starting from phisical address 3B000 (host address A(XX):0) and wants on interrupt 
when the first 1KB was read by the CODEC, it should program 3B0FF in the playback 
interrupt register, as 1KB = 256 32bit words. The register will have 16bits and the dnver 
will program BOFF to get an interrupt when the CODEC reads 3B0FF or 7B0FF playback 
buffer address. 

Sunilarly, on the record side, there will be a programable interrupt on the CODEC side to 
be used to tell the driver when the Record buffer is half full. 
So we'll need two 16bu indexed registers for these programable interrupts. For each 
WavePon interrupt we also need a status bit to say that the interrupt happened, an enable 
bit to enable the panicular mterrupt. As Dave proposed, GR4D is the Interrupt Status reg- 
ister but bits [0] and [2] will be the programable interrupts status bits. The interrupts and 
the status bits will be cleared after this register is read (automatic clear in h/w). 

We couJd use registers GR58:5B as high and low byte for the programable mterrupt 
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on Record and Play-back buffers respectively. 



3EFFF 




Playback 
Buffer 




3D000 
3CFFF 






Record 
Buffer 




3B000 









The write-buffer (or Audio-Out =the one in which the CPU writes) is empty one Wave- 
Pon write cycle to memory after 

WRBUF-Writc-Pointer = WRBUF-Rcad-Pointer+1 
(this condition will activate set an empty flag). 
The write-buffer is full one WavcPort write cycle to memory after 

WRBUF-Read-Pointcr = WRBUF-Write-Pointer + 1 
The same equations apply to the WavePon read-buffer, only this time the read-pomter is 
on the host side and the writc-pomier on the Codec side. 
Shouldn 't be a Audio-Out buffer full interrupt and a status bit for it? 

Threshold detect mechanism will require to increment host pointers, but the CPU is sup- 
posed to read this pointer and generate the proper address when going above the threshold. 
The idea of the threshold detector is that by mcrementing the Audio-In read pointer every- 
time the wnie pmter is incremented if the Audio data is under the threshold value, the 
delta between the pointer remains the same and the buffer does not fill in with sub-thresh- 
old value. This was true if the half-full detection had been generated based on the delta 
between pointers. After talking to Dave, there are some clarifications to be made on the 
threshold detect mechanism for record: 

For one record sesion, this is a one time event mechanism: if the threshold was passed 
once after bemg enabled, its effect is lost - even if the sound level goes below the thresh- 
old the record buffer read pointer works normally. The threshold will help only in the ini- 
tial stage before the first actual voice pattern is detected, but it does not have any effect 
after the intitial triggering event - once the sound leved passed once the threshold. 

With this dnver approach, GR43 and GR58:5B will not be needed. 

Five registers are saved. Twenty One register are still needed (plus two reserved = 23). 

Another possible approach for the driver uses extensively the Vertical Interrupt 

in this case every Vertical Interrupt, the Audio Driver reads the Codec side pointers, com- 
pares them with the Host side pointers, the driver generates based on the CPU address u 
last wrote to or read from and makes us own decisions. The driver will also check the BLT 
completed status bit. 
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In other words, every ISmscc (@60H2) » on the Vcnical Inicrrupt the Audio dnvcr can 
process data from the Codec pomters, calculate based on the last address if the WavePon 
buffer is full or empty and decide how many more WavePort accesses to execute. As at 
least 180msec worth of data is in a full Wavepon Buffer, the dnver has 6 opportunities to 
find out that the buffer is empty and stan filhng a before half WavePon buffer is empty. 
On chip h/w is still needed to stop sending data to the Codec after sending all data and to 
read all data from the WavePort read memory buffer on the host side. Because the CPU 
decides when the buffers are full, half full or empty there is no need for registers for the 
pointers on the CPU side, but the CPU address will still be latched to generate the host 
side pointers. 

The "BLT operation completed" and the "Audio transfer completed" interrupts arc needed 
anyway bacuse we share the data-path for BLT and CPU cycles. 

By adopting this mechanism in the driver, no special h/w is needed to preserve pomters on 
the Host side, to compare the Host side pointers (read and write) with the Codec pointers 
and to generate interrupts and status bits. The only interrupts needed are Standard VGA 
Vertical Interrupt as a time base, BLT completed Interrupt and Audio Completed inter- 
rupt. 

We can still implement the threshold detect. 
GR44,GR45, GR48 and GR49 won't be needed. 

Nine registers are saved. Seventeen register are still needed (19 with two reserved regis- 
ters). 



Conciusion 

The above proposal, if OK for the WavePon driver, would reduce significantly the 
amount of design and verification work on the WavePon. This document was written in 
order to get feed-back and reach an agreement ASAP. Our goal is to have a unique s/w 
model for the WavePon, but we'd like to cut the amount of work if possible. 



Rakesh^s notes on the discussion wi th Jeff Ort and Dave Keene. 

1 . Since in Nordic, we do only IR + IP always, what happens if the bit is disabled for 
the host read at a time when ODD number of FIFO stages are filled? At Present we 
' assume that while recording some SILENCE is insened at the end of recording session 
and thus we can disable the bit as soon as dnver disable it. 

Jeff and Dave Kenne both agree that even though no SILENCE is insened at the end. it is 
still valid to disable the memory transfer immediately after the bit is negated. 

2. Threshold Issue. 

If threshold mechanism is enabled, we keep putting the samples into the AUDIO 
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BUFFER. 

If the data in buffer is more than the programmed value (GR74 and GR75) and input data crosses 
the threshold value, the interrupt is generated immediately. But if data amount is less than the 
value m the registers GR74.GR75 and mput dau has crossed the threshold value then we wait 
till it crooses this value(GR74 and GR75) and then mterrupt is generated. 

Dave's specs talk about two pointers on the RECORD buffer, one for the CPU read and 
another for CODEC write. Both of these pointers are accessable by the CPU in his specs. So he 
suggests that before the threshold is met we should fill up the buffer till half full condition. Once 
the buffer is half full, any more writes to RECORD buffer by the CODEC should increment both 
of these pointers. In this case whenever the threshold is met we are guaranteed to have some 
information about the history of audio samples just before the threshold is met. At the time when 
threshold is met the generated interrupt should tell CPU that CPU caivread the data from the loca- 
tion pointed to by CPU read pointer. 

But in NORDIC, the CPU read pointer is not accessible by CPU. Thus we keep putting the 
samples in the RECORD buffer and not generate the interrupt till the threshold is met even 
though we might pass the programmed value for the interrupt. At the time when the threshold is 
met. the interrupt is generated if CODEC write pointer is past programmed number. If threshold 
IS met before the CODEC wnte pointer passes the programmed number, we wait till it does cross 
the programmed number. So the driver for Nordic should store the CPU address at the time when 
the threshold mechanism is enabled. So at the time of interrupt CPU can calculate the amount of 
samples m the BUFFER. 

3. Independent control for IN / OUT mono / stereo . 

Codec read and write are independently controllable for mono or stereo input / output 



4 Jeff agrees with the usage of OFFSET register GR9 to generate the CPU side adress for 
audio, instead of NORDIC generating the adress automatically. 



Minutes of 11/20/93 Meeting with Keith, Del and Dave Keene 

1. We need to check if WavePort accesses work with linear addressing (SR7 - 
aperture register). 

2. Make sure that OverRun Status is there even if OverRun Interupt is dis- 
abled. 

3. Enable looking for threshold onlv after you reach the given address. 

4. Bit GR6Er61 should move to GR6Er31. 

5. Talk about programable address for AUXl and 2. 

6. Check out arbitration for audio throughlv. 

7. Check overrun interruot during threshold... alwavs orogramnied interrupt 
after crossing threshold. ?? Rakesh may understand this!! 

Cirrus Coo fldeotial CL 152564 

Business Information 



Nordic- 1 M Design Specification rev.5.0 [>ecember21, 1998 



37 



Cirrus Logic, Inc. Confidential Information 



4.6JR«gi8t«r8 specs for the AUDIO of NORDZCl-M. 

GR60 Wave Port Control 1 

7. Reserved 

6. Reserved 

5. Enable audio for host accesses. 

4. Select 4215 

3. Stereo for reciever (i:e STEREO CODEC) 

2. Stereo for transminer (i:e STEREO NORDIC) 
1:0 Data Format select 

00 16 bit 

01 8 bit 

10 4 bit 

1 1 reserved. 
GR61 Waveport control 2 

7. Reserved 

6. powerdown control — > 0 will force low on PDN. 

5. Enable command mode. 4215 must have been placed in COMMAND mode by forc- 
ing 

low on D/C* pin. 

4. input level in SDI in command mode. 

3. output level on SDO in command mode. 
2. output level on SCLK in command mode. 
1. output level on FSYNC in command mode. 
0. output state of D/C* pin. 

GR62 Input Audio Threshold setting. 
7:0 Available only for 16bit mode. Only +ve data is compared i:e if msb of left data 
is 1 no conqjare is performed. 



GR65 

7. Enable Threshold detect mode. 

6:0 Reserved 
GR66 7:0 Audio Input Codec write pointer low byte 
GR67 Audio Input Codec write pointer high byte 

7. Enable input from codec to audio buffer. 

6:0 Audio Input Codec wnte pointer ( low 7 bits of 15 bit pointer) 
GR6A 7:0 Audio Output Codec Read pointer low byte 
GR6B Audio Output Codec Read pointer high byte 

7 Enable output to codec from audio buffer. 
6:0 Audio Output Codec read pointer ( low 7 bus of 15 bit pointer). 
GR6C : Interrupt Control. 

7:6 Reserved. 

5. Standard VGA Interrupt disable. 

0 "> Allow VGA interrupt ^ Cirrus Confidential ^ «7f 

1 "> Disable VGA interrupt. Business Information L.L 13 
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4:2 Reserved. 

1. Audio Input interrupt control > DURING RECORD SESSION. 

0 -> disable this interrupt source. 

1 "> Enable input buffer full OR programmed^uU interrupts. 

0. Audio Output intemipi control > DURING PLAY SESSION. 

0 "> disable this interrupt source. 

1 "> Enable Output buffer empty OR programmed empty interrupts. 
GR6D: Interrupt Sutus. 

Indicates any acuve enabled interrupt. Reading this register will clear the interrupt 
state and reset the status. No effect on the standard VGA interrupt status or inter- 
rupt. 

For All of the following 1 in the bit means PENDING INTERRUPT. 
7:6 Reserved. 

5. ' Standard VGA Vsync interrupt (state of 3C2(7)). 
4. Reserved. 

3. Record Buffer FULL (OVERRUN). 

2. Record Buffer PROGRAMMED FULL. 

1. Play .Buffer EMPTY. (UNDERRUN) 

0. Play Buffer PROGRAMMED EMPTY. 
GR6E : AUXl and AUX2 control 

7 Enable Aux Sel 1 low-true output on adress match 530-53Fh. 

6. Enable Aux Sel 2 low-true output on adress match 388-397h. 
5:0 Reserved. 

GR6F: Code sUtus. 
7:4 Reserved 

3. Timer status (ADI) time slot 6 bit 7 

2. overrange (OVR) time slot 7 bitS 

1. PlOi input status, time slot 7 bit 7 
0. PIOO mpui status, time slot 7 bit 6 

GR70: Codec control DWORD from Nordic to codec, byte D7:0 
GR71: Codec control DWORD from Nordic to codec* byte D15:8 
GR72: Codec control DWORD from Nordic to codec byte D23:16 
GR73: Codec control DWORD from Nordic to codec, byte D31:24 
GR74:75 Interrupt value for audio IN buffer. 

When CODEC reaches the programmed adress an interrupt is generated dur- 
ing the 

record session. 
GR76:77 Interrupt value for audio OUT buffer 

When CODEC read pointer reaches the programmed adress -1. an interrupt is 
generated during the play session 
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4.7 Four Bit per Pel Packed Format 

To fully support Windows Chicago, Nodnc-IM should support 4bit/pel packed formal. 
CPU will be able to wnte only 8bits or more at a time. To modify onlv 4bits the CPU will 
do read modify wnte and mask four bus (bnng them from CPU latches). 
The foliowmg picture shows the actual format: 



Memory Data 



^ 3 0 15 12 11 8 23 20 19 16 31 2827 



PO 
msb Is) 


PI 
msb Isl 


P2 
nub Isb 


P3 
msb Isb 


P4 

msb Isb 


P5 
msb Isb 


P6 

msb Isb 


P7 

msb Isb 



Pixel Left Pixel Right 



1 -SI pel 2-nd pel 3-rd pel 4.ih pel 5-th pel 6-th pel 7-th pel 8-th pel 



In order to get Nordic- IM to suppon this mode, we need to place the VGA Video Data 
Path m 8bit per pixel mode with pixel doubling (mode 13) but disable the mechanism that 
concatenates adjaisant 4bits to make one 8bit pixel displayed twice (at a divided by two 
RAMDAC VCLK) and disable as well dividing by two the RAMDAC VCLK. 

On the CPU side chain 4 address scrambling should be disabled and data should be 
shifted right hke in extended 256 color modes. 

In nordjc-regs-rev9.1st we assigned SR26[0] to enable this graphics mode. 

4.8 Robin's Ideas on High Resolution Panels for Nordic- IM 

Nordic's objective is to be able to center and fill the screen on 800x6(X) panels and to cen- 
ter an 800x6(X) picture on 1024x768 panels. The mam focus is 8(X)x6(X) panel suppon 
TFT and dual scan STN. 
In TEXT there will be three options: 

- horizontal and vertical centering with 9x16 fonts (disable 640x480 force to 8dots font) 

- auto-expand the font to fill the screen 

- special font to fiD the screen 

In Graphics there will be tree options: 

- honzontal and vertical centering 

- use a dnver to run at maximum resolution 

- automatic expand to 800x6(X) (only if s/w venficauon shows it being OKj. 

In all cases horizontal and vemcal options will be decoupled (different enable bus) 

Here's a list of what needs to be done: 

a. Expand horizontal and vemcal centenng capability from 640x480 to 1024x768 
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b. Shadow all HA' CRTC registers except HDE and VDE. 

The vertical registers are shadowed now, but the horizontal registers are not. 
We need to shadow CRO» 2, 3, 4 and 5. These registers will be wntten by the BIOS at 
POST. The same mechanism to enable/disable vertical shadow is used to enable/disable 
honzontal shadow. 

c. Suppon lOdot character-clock and CRT-FIFO-Read / Shifi/Load (Video-Serializer 
Load). Now only 8dot and 9dot character-clocks are supported. For smooth- scrolling the 
pel-pan has to be expanded to 10 pisitions (0:9). 



d. TEXT auto-expand will be as follows: 

- honzonul: rephcate the last pixel once for 9 dots wide fonts and twice for 8 dots wide 
fonts. 

- vertical: replicate all odd scan-lines 



TABLE 3.Tont Expansion for Different Panel Sizes 



Font-Size/Panel-Stze 


480 


600 


768 


8xJ4 


8x19 


10x21 


10x21 + center 


8x8 with scan-In. doubling 


8x19 


10x24 


10x24 + center 


9x!6 


8x19 


10x24 


10x24 + center 



Please note that in text vertical expansion is done on the scan-line counter as well as the 
veruc'al display line counter, but it does not affect the vertical non-display line counter. 

e. Graphics modes expansion (to be implemented only after s/w verification) 

Graphics expansion is less important as it is assumed that important applications will run 

at maximum panel resolution with a driver. 

We'll need to supply drivers for many applicauons with high res. panels !! 
Vertical expansion:. 

- 3501ines -> replicate all odd scan-lines 

- 4001ines -> replicate all odd scan-lines Confidential 

- 480 lines -> replicate every 4-th line Business InformatioD 

Horizontal: 

'TT . A u . CL 152568 

- duplicate every 4-ih pixel 

■ duplitan. tvLiy 4'\1\ piALl with liiaguaai sliift 
( staji ' iiijL 0"^ \%i SLaii - liiiL 1 2ud [jlI SLaiJ - luiu 2 Did ^1, slaii'Iihl 3 4tli \k\ 
-r 

f Please note thai when character clock is expanded to 10 dots* h/w cursor also needs to 
be positioned at 8 or 9, so it needs one more bit of fine posiuon. 
SR2£[0] will be the msb of h/w cursor (default zero) to be used in this case. 
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4.8.1 Panel Horizontal Timing Control in Nordic 

If in Terminator all panel timine is based on HSYNC and VSYNC 
nroeraminc, in Nordic it will be independent of HSYNC and VSYNC 
programming. 



Horizontal Tinung for 800x600 panel with 640x480 picture: 
CRT-HDE 



640dots 



4dots Panel HDE SUrt 

HFIRST J I ^ 



Panttl H. Display Width "^dots 



4,8 or 12dots 
LLCLK I 



Registers for Panel Horizontal Timing Control 



This sat of £oux rsgistsrs are ussd to gsnsrats horizontal 
pansl timing with 640x480 or 600x600 panels and to canter 
horizontally a 640dots or 720dots pictura on an 800x600 
panal. 

CR40 No Canter Panel HDE Start Register 

[7:0] Panal Horizontal Display Snabla Start ralativa to 

previous BDB start, in 4 dot-cDcock units. Tha dot- 
clock 

usad is navar divided by two. This register is used to 
program Panel Line Clock Start and Panel Display Enable 
Start with both 640x400 and 800x600 panels any time no 
horizontal centering is needed. 

CR41 Panel HDE Start Register to Center 720 dots 

[7:0] Panel Horizontal Display Enable Start relative to 

previous HDE start, in 4 dot-cDcock units. The dot- 
clock 

used is never divided by two. The value in this register 
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will h% automatically ua«d by Nordic to control Panal 
Llna Clock and Panal Borizontal Display Snahla Start 
anytima a 720 dot moda (taxt or graphics - RZX aoda 

only) 

is cantarad on an 600x600 panal. If horizontal axpan- 

sion 

is on CR40 is usad. 
CR42 Panel KDE Start Register to Center 640 dots 



[7:0] Panel Horizontal Display Bnabla Start ralativa to 
pravious HDE start, in 4 dot"-clkock units. The dot* 

clock 

usad is navar divided by two. Tha value in this register 
will be automatically used by Nordic to control Panel 
Line Clock and Panel Borizontal Display Enable Start 
anytime a €40 dot mode (text or graphics ) 
is centered on an 800x600 panel. If horizontal expan- 
sion 

is on CR40 is used. 
CR43 Panel HDE Dot-Clock Skew Control Register 



[7:6] Panel Line Clock Width: 

0 « 4 dot-clocks 

1 « 8 dot "'Clocks 

2 ■ 12 dote locks 

3 ■ raservad 

[5:4]CR42 valua fine (dot-clock) skew: 

0 -> no skew 

1 -> delay Panel HDE start by ona dot -clock 

2 -> delay Panel HDE start by two dot -clocks 

3 -> delay Panel HDE start Isy three dot -clocks 
[3:21CR41 value fine (dot-clock) akew: 

0 -> no skew 

1 -> delay Panel HDE start by ona dot -clock 

2 -> dalay Panel HDE start by two dot -clocks 

3 -> delay Panel HDE start by three dot -clocks 
[1:0]CR40 valua fina (dot-clock) skew: 

0 -> no skaw 

1 -> delay Panal HDE start by ona dot -clock 

2 -> dalay Panel HDE start by two dot -clocks 

3 -> dalay Panel HDE start by three dot-clocks 

By prograaming this skaw, it is possible to compensata 
intamal delays on Panal HDE for difarent types of panals. If 
all delays ara matched tha skew fields should be zaro to 
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align with character clock. 

Automatic switching batw^an thaaa thraa ragistara will ba 
dona baaad on CRTC and Saquancar progra&aaing and tha typa of 
panal uaad 

(640x480 or 800x600) . 

CR 44 Horizontal Panel Display Width Register 

Tha valua in this ragistar is axprassad in 4 dot^clocks 
<navar dividad by two) . 

[7:0] Panal Display Width in hax axprassad in 

4 dot-cloc)c chunks* As it is usad to conpansata 
for intamal dalays, this valua is closa but 
not axactly 640/4 or 800/4. 

4.8.2 Horizontal CRTC Registers Shadowing 

In order to run VGA programs on 800x600 panels, Nordic needs to shadow the honzontaJ 
timing registers except the display enable end, which is application dependent. 
(Tl has shadows only for horizontal total.) 

This IS because ail honzontal uming registers but HDE have to be set-up for 800x600 in 
order to run an 800x600 panel. Symulscan with 800x600 panels runs even the CRT as an 
800x600 display in all graphics modes. 

In Tl as well as in Nordic, vertical panel registers are mapped at R2x, R3x,... accesible 
when CR2D[7] - 1. In nordic these registers remain there. 

IN Tl there are two registers: ROx and Rlx which represent HTot shadows, accessible 
with CR2D[7]. They are no longer used in Nordic, but there is a replacement for them, 
independent of CR2D[7]. 

In Nordic, H Total, H Retrace Stan and End, H Blank Stan and End are shadowed. Each 
entity has two values to chose from; a value for dclk/2 and a value for dclk not divided by 
two. The effect selection is done automatically based on SRI [3] value, but for access there 
IS a selecuon bit: CR2C[4] to control which of the two sets of registers gets read or wnt- 
ten. 
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Here is a summary of the horizontal shadow registers and its controls: 

CR2C[5] write protect for horizontal shadow: 

1 -> write both the shadow registers and the corresponding standard VGA 
registers fields (some registers are not accessed entieriy but only in their timing 
pan) 

read back the shadow registers 

0 -> write only the standard horiz. timing VGA registers (the shadow registers 
are write protected). Changmg onlt the value of these registers does not 
have any effect over the CRTC timing, 
read back the standard VGA honz. timing registers 
CR2C[4] Select the set of horizontal uming shadow registers to be used 

(low rez or normal ). This bit is rcutilsed from Tl: it was low power RAMDAC 
mode - tie now the logic L) . 

0 -> select Ry for access 

1 -> select Rz for access 

To diferentiate from the Rx registers which still exist as in TK and are vertical 
panel registers. we*ll call the two sets of horizontal shadows mapped in the same address 
space Ry and Rz (Ry = normal* Rz = dclk/2 case) 

The effect of Ty and Rz is controlled by SR1[3] (dcik/2 bit). 

The Horizontal Timing shadow registers are: 

ROy^ R02y,z R03y,z (only lower bits) RMya ROSya (only lower bits) 

When CR2D[7] =1 we can access only the panel registers: R2x,... RBx. In this 
case we cannot access either the VGA standard registers or the horizontal timing shadow 
registers. Please note that ROx and Rlx are reserved in Nordic. Their function is 
replaced by ROy^z. 

Standard VGA CR0,2,3,4.5 horizontal uming registers (only the timing fields) do 
not have any effect on the CRTC: only the shadow registers have effect. 

Note: Vertical Blank registers CR15 and CR16 are only wnte protected in Tl - not 
shadowed. This seems to be an error... so they should be shadowed in Nordic. 
When using blank as overiay, DEn becomes blank and the shadow registers create the 
overiay both horizontally and vertically, but they are no longer write protected by 
CR2C[3) or [5]... As in 5428, they will not be wnte protected at all as the overiay is used 
only under MS Windows which is a conu-olled environment. 



Cirrus Confldential 
Business InformatioD 



Nordic-IM Design Specification rev.5.0 December 21. 1998 



CL 152572 



45 



Cirrus Logic, Inc. Confidential Informauon 



1/0 bus 
access if: CR2C[5)=0 



access if: CR:C[4]=0 
CR2C(5]=1 



CRi. 1=2.3.4,5 



access if- CR2C(4)=1 
CR2C[5)=1 



Riy. i=2.3».4.5* 



SR1(3] 



i 



Riz. 1 =2.3'.4.5* 



I 



LCD 



i 



Honzontal Timing Values 



7 



Honzontal Timing Vaiues 



4.9 TV-Out Support in Nordic- IM 

I Nordic's objective is to be able output data to an analog TV Encoder chip thus supponmg 
a cheap way of displaying on a TV. The main application is graphics, probably under 
windows, TV display and tapc-recordig arc of interest, 

I Nordic will run in a locked interlaced mode at I3.5MH2 for NTSC and it will use the LCD 
panel suppn shadowing mechanism (the shadow Horuontal and Vemcal CRTC registers] 
to prevent the application from changing the CRTC set-up. Even the dotclock frequency 
will be locked. Honzontal and verucal display enable will be open to the apphcation. 
Nordic will provide analog RGB, Composite SYNC, NTSC/PAL and TV-ON to the TV 
encoder. AD720 and MC1377 analog TV encoders that accept RGB input will be sup- 
poned directly (with no glue logic). 
Nordic will have edge skew h/w on the appropriate signals in order to meet the TV Stan- 
dards timing requirements . 

In this mode Nordic will not be able to run a panel or a CRT monitor... no simulscan sup- 
poned with TV-OUT. But the same system will display on a panel, a CRT monitor or a 
TV with minimum glue logic. 

Digital TV Encoders are not be supponed. 

All standard VGA modes plus 640x480 8bpp can be supported, though special set-modes 
are required, as they all run interlaced. I suspect that we'll end up supponmg only a feu 
important modes, Should we compress text to 8dot wide fonts? 



. Cirrus Confidential CL 152573 

Business Information 



Nordic-IM Design Specification rev.5.0 December 21, 1998 



46 



Cirrus Logic. Inc. Confidenual Information 



NORDIC 



CSYNC 
.^SC/PAL 



TVON 



R.G.B 




AD720 



CVIDEO 




R.G.B 



HSYNC. VSYNC 



CRT 



TABLE 4. Dau on TV Sundards 



PIXCLK 


MulUples of. Line 
Frequency 


Active Pixels per 
Line | 


Fieid Rate 


12.2727MH2 


780xFH 


640 1 


60Hz 


14 75MH2 


944xFH 


768 1 


50Hz 


13 5MH2 


858xFH 


720 1 


60Hz 


13 5MH2 


864xFH 


720 1 


50Hz 



Signals to be supplied by Nordic: 

- CSYNC = Composite SYNC signal 

- NTSC/PAL = a programabie output selecting the TV Standard NTSC (1 ) or PAL (0) 

The value of CR30[2] comes out on the pm. 

- TVON = H for the TV Encoder to be ON. L for it OFF, The value of CR30[3] comes out 

on the pin. If CR30[3] =0, CSYNC and NTSC/PAL pms are L. 
In Nordic- IM all these signals will come out to the panel pins when a certain configura- 
tion bit is enabled. 
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Vertical Timing 

Vertical Blank and the appropriate CRTC registers are progranuned to generate Blank 
which in TV case is the actual Display Enable. 
For NTSC program 9 lines of VBlank. 

For PAL program 7 lines of VBlank. In h/w Nordic will generate 7.5 lines of 
VBlank m this case by delaying the trailing edge by 0.5 line. 

Venical Sync Registers will be programmed for Field Sync ^enerauon. 
For NTSC program 3 lines. 

For PAL program 3 lines and get 2.5 lines by delaying the leading edge by 
half line. 

Horizontal Timing 

Two basic pulses are generated: 

- HREFl = Horizontal Reference 1 which is HSYNC start with 64 dotclocks width 

CR30[1 :0] controls the fine skew of this edge by increments of two dot- 
clocks. 

- HREF2 = Horizontal Reference 2 which is a pulse marking the middle of thef line 

between two HSYNC start edges. CR19[7:0] are used to program the sian of 
this pulse. 

CR30[ 1 :0] controls the fine skew of this edge by increments of on^e dot-cl'ocR. 
Note that HREFl and HREF2 skews are in sync: HREF2 skew is half HREFl skew: 
Honzontal Total is 858 dot-clocks at 13.5MHz for NTSC and 864 dot-clocks at 13.5MHz 
for PAL. 

Cpmpogite SYNC Lpgi<; Egyatign i^: 

CS YNC = [fHREFl + HREF2) & VS] tngg368dclk-pls + -> Field Sync (serration ) 
[(HREFl + HREF2) & VS*&VB] trigg32dclk-pls + -> Equalization 
[HREFl & VB*] ingg64dclk-pls -> standard sync during display time 
Where: VS is Vertical Sync programmed time 
VB is Vertical Blank programmed time 
is a logic negation 

tng32dclk-pls means: on the rising edge of this signal generate a 32 dot-clocks 
wide pulse. 

There are three ways to connect the video encoders and the CRT. We are now in the pro- 
cess of deciding which one is the best: 

I . The simplest way to connect the TV decoder is to assume that the CRT 
Monitor should not be hooked to the notebook computer at the time the TV is. In this case 
we can put a high resistance voltage divider (2KOhm) to get the required 0.7V or l.OV 
full swing to the decoder. The 2K0hm voltage divider will not practically affect the 50 
Ohm resistance on the CRT, when the CRT is hooked on. The disadvantage of this method 
is that It requu-es a CRT to be disconnected from the note-book computer when connecting 
a TV. The TV encoders get RGB input through an AC connection (a capacitor) so the DC 
source may be a high resistance. - ^. ^ j i 
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The advantage is chat it is simple and low cost. 

2. There are no buffers or other resistors than usual. We control the RSET resis- 
tor value on the LM334 current source depending on the presence of the CRT Monitor 
hook-up or not If the CRT Monitor is not hooked-up, we adjust IRef so that DAC-s full 
swing output voltage is 0,7V (or l.OV) with a 150 Ohm load. If the CRT Monitor is 
detected to be hooked up* RSet will be left as it is now. The adjustment is done automati- 
cally with a transistor. This approach requires a programmable output (from Nordic or 
Core Logic) to control RSet value. The detection of the CRT Monitor presence is done by 
s/w the standard VGA way. 

3. Put 50 Ohm load on the DAC output and feed it to the TV encoder and to an 
Analog Voltage Repeater that drives the CRT Monitor RGB lines. This way DAC output 
is always 0-7V full swing independent if the CRT Monitor is hooked to the notebook or 
not. 

This approach worics for AD720 but not for MC1377 which requires IV full swmg. 
With this approach the presence of the CRT momtor cannot be delected VGA style 
(incompatibility issue ?). 

4. Leave the CRT path unchanged, except for a low resistor shunt f.dded in 
senes.Convert the constant current delivered by the DAC into voltage th::^ is amplified to 
NTSC/PAL level depending on the type of encoder used. Requires fast operational ampli- 
fiers on each gun, but allows operation with or without CRT conneci*»d a:id color com- 
pare. 

This looks to be the best scheme but it is also the most expensive. The -p-'^mp can be used 
also as a filter to limit the spectrum and avoid cross talk in color mcc':i"tors. 



Cirrus ConfldentiaJ 
Bii&:oess iDformatioD 



Nordic- IM Design Specifcation rev.5.0 December 2\, 1998 



CL 152576 



49 



Cirrus Logic. Inc. Confidenual Information 



Thiree possible wavs to connect an Analog PAL/NTSC TV Encoder to DAC output 
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R,GorB DAC output 

. D-n — 



150 
Ohm 



T 



2.1V max J 

with CRT L 

disconnected 



150 
Ohm 



1 




CRT Monitor 



CRT Momtor 



Automatically Adjust IRef to get 0.7 V max 
if CRT not connected and 0.7V max if 
CRT IS connected. 



TV 
Encoder 
AD720 



CRT Monitor 



□- 



0.7V max 



50 

Ohm 



X 

I 



0.7V max CRT Connector 



Analog Repeater 



75 

Ohm 




TV 
Encoder 
AD720 
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4.10 HAV ICON Support for Nordic-IM 

Nordic- IM will support a h/w icon with the following features: 

- Up to 4 64x64 Icons displayed at the same time as a vertical bar. 

- All Icons move together and they are inedex by 64 scan lines. 
The Icon start reference point is top left comer. 

- Horizontal Resolution is one pixel programed coarse as character clocks and fme 
as pixels exactly as a h/w cursor. 

- Vertical Resolution is one scan-hne. 

- Each Icon has inependent display control for 

- icon number i enable for display (i=0:3) 

- display mode: 3colors + iranspency or 4 colors 

- bhnk enable at text cursor rate (or half of it) 

- horizontal pixel doubling (extendcs towards right) 

- vemcal seal line doubling (extends down) 

- mamory map selection: two maps available per icon 

- H/W Cursor goes on top of H/W Icon 

- Icon memory model is and phisical address space arc very similar to h/w cursor. 
Actually the icon resides in memory in h/w cursor area: Nordic supports half the number 

of h/w cursor maps 5428 does and uses the remaining space for icon maps. Eight 64x64 
icon maps are supported: two for each icon we can display. Icon memory map assignment 
IS fix. 

WW Icon SAV Model 

Icon posiuon will change at set mode if it is not compensated. BIOS should service the 
icon so that it keeps the position stable in all graphics modes: read current position and 
translate in the same position in the new graphics mode. The BIOS should have a call to 
set-up the h/w icon position and another call to control which icon is displayed and hou 

What we need: 

a. Horizontal Stan Posiuon in character clocks and pixels 
Will be programmed exactly as h/w cursor at SRI 0,30,50 J0,9030.D0,F0. 
(or SR "odd" "zero"). The upper 3 bits of index define the fine (vclk) position. 
SR2A[6] is the fine postion msb to be used with 9 and lOdots fonts.See 542X Reference 

Manual page 9-13, SRI 0 description. 

Note: 1. If character clock or vclk change (8/9/10 dot cclk or vclk/2) the honzontal 
position should be adjusted. 

2. As with h/w cursor the horizontal and venical position of the icon are synchro- 
nized, s/w writes the honzontal position first, but the new position effect takes place only 
after verucal posiuon was updated. 

Cirrus Confidential CL 152580 

Vertical Scan Position in scan bnes. Business Information 
Wil] be programmed exactly as h/w cursor at SR 1 1 ,3 1,5 1 ,7 1 ,9 1 ,B 1 .D 1 ,Fi , 
(or SR "odd" "one"). The upper three bus of index define the low order three bus 
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of position in scan lines. See 542X Reference Manual page 9-14, SRI 0 descnpiion. 
How will Nordic know to program icon or cursor? 

One bit will tell if icon is programmed instead of cursor. As the icon position is pro- 
grammed seldom, this mechanism does not affect performance while saving address 
decode h/w. 

c. Enabling icon position modification by CPU is done in the same register h/u cursor is 
enabled: . SR12. 

SR12[3] Enable CPU access for Icon Position Modification 
(defaultrO = disable = use the same I/O address for cursor posiuon modification) 
This bit affects both horizontal and vertical position. 

d. Icon and h/w cursor memory map selection: 

5428 uses SR13[5:0] for 32x32 h/w cursor memory map selection (64 maps) and 
SR13[5:2] for 64x64 h/w cursor memory map selection (16 maps). 

In Nordic, SR13[4:0] still select h/w cursor memory map, but the memory address bit 
which in 5428 is controlled by SRI 3 [5] is no longer controlled by SRI 3 [5], It is controlled 
by an internal signal whose value is always 0 when a h/w cursor is addressed and 1 when 
icon IS addressed. So in Nordic SRI 3 [5] is no longer used to select a h/w cursor map. 
Only half of the 5428 h/w cursor memory is available for Nordic h/w cursor memory map. 
In Nordic there are 32 32x32 and 8 64x64 h/w cursor memory maps available. 

The icon address is generated exactly as the h/w cursor address, but the source of the 
address map selection is no longer SR13[5:0] (it cannot be as SR13 is used for h/w cur- 
sor). SR13[5] is also noy used. To generate icon mamory map select, a two bit counter 
counts the first, second, third and fourth set of 64 scan lines on the Vertical Total Line 
Counter (the one not affected by vemcal expansion). This two bit counter output, called 
the Icon Index Counter (ICIXCrTR) will replace SR13[4;3] in Icon Memory Map Address 
generation. 

A signal called ICON-MAP will be generated during Icon addressmg. This signal is 1 if an 
icon data is to be fetched from memory and 0 otherwise (including when h/w cursor data 
is to be fetched from memory). 

ICON-MAP signal will replace SRI 3(5] in both h/w cursor and icon memory map selec- 
tion address. 

One register bit in each icon control field will select the first or second memory map for 
each icon to be retrived from memory. This bit called Icon Memory Map (IMM) will 
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replace SR13[2] m icon memory map generation. 



5428 64x64 h/w cursor £ddi^^R13[5:2] part: 



b5 b4 




i i 



Nordic 64x64 h/w cursor address . R13[5:2] part: 



ICON.MAP=0 b4 



Nordic 4x64x64 icon addc^> replacement for R13[S:2] part: T 

IC0N.MAP=1 ICKCTRd] ICKCTRfO] IMMi 



where ICIXCTRrirOI is the Icon Index Counter 

IMM is the Icon Memorv Map bit in each icon control resister 
ICON-MAP is a signal that is high for icon address and low otherwise 



0. - icon 1 enable for display (i=0:3) 

1 . - display mode: 3colors + transpency or 4 colors 

2. - blmk enable at text cursor rate (or half of it) 

3. - honzontai pixel doubling (extendes towards right) 

4. - vertical seal line doubling (extends down) 

5. - mamory map selection; two maps available per icon 



Six bits per icon, all defaulting to zero. The icon enable bits select which icon is displayed 
Start at SR2A register. 

Use SR2A^B^C^D[5:0] for Icon 0,1,2,3 control. 

If an icon is not enabled, do not generate the memory cycles for its data... if it is not difficult to do 
and do not display that icon. 

f. SR2A[7] is Icon Test bit Normally it is zero, only in test mode it wiU be 1. 

g The colors for the Icon are in the 16 location RAM extension at location 258. 
See SR12 descnpiion in 5428 Technical Reference Manual. 

Locations 256 and 257 are accessible with pixel address 0 and F for h/w cursor access 
Locations 259, 260, 261 and 262 are accessible with pixel address 3,4,5,6 as icon colors 



„ When three colors plus transparent attribute is used, the pixel addresses will be 4,5.6. for colors 
1.2,3 (so pixel address 3 and color 0 of the 16 location special RAM are not used) 
h. SR2A(6) is the most significant bit of fine horizontal position for the h/w icon: 

SR2A{6] SRX[7) SRX[6] SRX[5] «> bit3 bit2 bitl bitO 
Please note that SR2A[6) will be used only in 9 or 10 dots text when the fine position is 8 or 9 
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i. Please note that when character clock is expanded to 10 dots, h/w cursor also needs to 
be positioned at 8 or 9, so it needs one more bit of fine position. 
SR2E[0] will be the msb of h/w cursor (default zero) to be used in this case. 

HAV Activity for Icon 

1 . HonzontaJ and Vertical Window 

2. Address Generation including the independent scan-line counter for Icon 

3. Memory cycle generation (at the end of line, after h/w cursor if icon and cursor are on 

the same line) 

4. Icon Latch, Sehalizer and Data Path including icon blink 

5. Honzontal and Vertical Doubling 



f — 

Ico 



Icl 



Ic2 - doubled 



Ic3 



hot — w ^ 
point ^ Ir 

Ico 

= Icon reference 
point 

Icl 
Ic2 

lc3 
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Icon Data Path Block Diagram 



cursor & Tr-Cursor* 




Video Data 
to DAC and Panel 



4.11 Dithering in Nordic 

Due to new pixel depth modes and for increased flexibility the dither block in Nor- 
dic is diferemt than Tl. 

In Nordic the dithering is subtractive, (not additive like in Tl). This moves the 
dither error (= double shade) to black where it is less obvious than it was before 
(when It was white). 

CR4C • Input Resolution Override Register for Dithering 
Bit Definition 

n Enable Input Resolution Override (default disable) 

Normally the graphics mode resolution is decoded and ted to the 
dither block. 

For all graphics modes that go through the RAMDAC RAM - 6bits/ 
gun IS automatically the input resolution. For 5:5:5 RGB or 5.6:5 
RGB or 8:8:8 RGB we use 
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a diferent input resolution: 5 for 5:5:5 and 5:6:5 and 6 for 8:8:8 
RGB. 

In all cases the proper rnput resolution is automatically selected. 
If there is a need to ovende this v^tue, than we wiill use this btt to 
enable the override and wnte the new value in bits 3:0. For 8 bit per 
gun we write 8 (1000), for 6 bits per gun •> 6 (01 10) and for 5 bits 
per gun -> 5 (0101). 
[6:4] Reserved 

[3:0] The binary value of the override input resolution. 

1000 -> 8bit/gun 
0110 •> 6bit/gun 
0101 oSbit/gun 

CR4D* Output Resolution Register for Dithering 

Bit Definition 

[7:4] Reserved 

[3:0] The binary value of the output resolution for dithering 

1000 •>8bit/gun (TFT) 

0110->6bit/gun (TFT) 

0100->4bit/gun (TFT or 16 shades STN) 

001 1 -> 3bit/gun (TFT or 8 shades STN) 

0010->2bit/gun (4 shades STN) 

0001 -> 1 bit/gun (2 shades STN) 
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En 



IRes Reg. 



DEN 



18 

16 
15 



ENC 



ST N/TTT 

7^ 



ORcs Reg 



IRES[3:0] 

ORES[3:0] 

DCI 

PC(2:01 LCr2.0 




BLAKn 



4*1 



C(2rO] LCf2:0U 
I I DCLK 



PC[2:0] 



PLine[2:0] 



msb 




M 

a 
s 
k 



r 



7' 

TFT: 8.6,4,3 bits/gun 

SIN. 4,3,2J b]£s/shade {16+1,8+1,4+1,2+1 shades, +1 = force black) 



Nordic Dithering 
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I 5.0 Nordic-IM Pinout Specification 
208 pin package: 

I System Interface (reference is VESA VL bus): 
(on BVDD) 

DAT31;0 

HIMEM0/ADR[24] (normally used as ADR[24], but it can be used as any upper address 
or any logic combination of upper addresses. The valid value of this pin for 
Nordic address space is programable in VESA VL and PCI bus. 
HIMEM1/ADR(25] (noimally used as ADR(25]» but it can be used as ADR31 and leave 

2GB of upper address space reserved for MPEG/JPEG boards). The valid value 
of this pin for Nordic address space is programable in VESA VL and PCI bus. 
With these two pins, Nordic can directly decode up to 64MB of CPU address space 
in VESA VLbus. 
ADR[23:2] 

BE3n,BE2n,BEln,BE0n 
LADSn,LDEVn,RDYn 
M/IOn, W/Rn 
RESETn, LCLK 
RDYRTNn. 

EBROMn/SLEEPIn (Enable BIOS ROM Buffers on alJ busses or when not m ISA 

or SLEEP Input acuvc L. If this pin is L. the chip goes in sleep mode as if 3c3[0] 
IS 0 or 46E8[31 is 0. The ISAPU read-back register bit configures the pin for 

EBROMn. If not in ISA bus. this pin is configured as SLEEPIn and it should be 
tied H if not used. 

INTR, CLK32K. OSC/XVCLK (14.3 18MHz or External VCLK) 
SUSPIn/BLIn, SBYIn/ACTln/FCEVIDEOn 

f32KHz clock mput, 

Supend Input/ Back-Light Input 

Stand-by input/ Activity Input/VAFC External Video Control Input - controlls the 
direcuon of FCP[7:0]. Pin configuration controlled by VAFCPU. Most svstems 

will 

use only one direction for VIDEO, probably video in, so the fact the FCEVIDEO is 
on BVDD should not require voltage translauon). 

Configurations: - VL/PCI/ISA bus, suppon/noi BIOS, 8/16bit BIOS. 

- Need a register bit to select SUSPEND Input or Back-Light Input. 
Default is SUSPEND input. 

- Need a register bit to select Stand-By input or Activity Input. Default is 
Stand-By Input. 

SUSPIn, BLIn, SB Yin. ACTIn arc level triggered, acuve L inputs, 
in Nordic there is no Suspend pin polarity bit as in Tl CSR8[4]) 

Note: a.In PCI bus, Alpine used ADR17j2 as BIOSA15:0. We assume that all portable 
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systems will use a motherboard video BIOS and do not suppon an adapter BIOS in 
PCI. We do suppon an adapter BIOS in VESA VL bus and ISA to facilitate demo 
board design. 

, b. EBROMn is active on all bus types:, in ISA is generated on Address Decode and 
MEMRn, while in VL and PCI is unlatched address decode. In PCI bus the BIOS should 
be relocatable, an option we do not suppon. That is why we say that we do not suppon 
BIOS in PCI. We do support lOCHRDYn and RDYn/TRDYn for BIOS accesses too. All 
this logic should already be in 5428 (ISA and VL) and Alpine (PCI) 

c. The 5428 Feature Connector pms are available in all buses. A register bit enables 
them early in the logic to save power when not in use. 

d. in ISA RESETn has to be mvened outside the chip. 



Svstem/Bus Interface Signal Mapping 

(See 54xx Reference Manual for Feanire Connector Pins Descripuon: FCyyyy) 
TABLE 5. VESA-VL <-> PCI bus <•> ISA bus Ptn Mapping 



VESA-VL 


Intel-PCI 


ISA 


HIMEM 






ADR23 16 




LA23:16 


ADR 15 -9 




SA15-9 


ADR8 


PAR 


SA8 


ADR7 


STOPn 


SA7 


ADR6.2 




SA6:2 


BE5n 


C/BEn3 


SAl 


BE2n 


C/BEa2 


SAO 


BEIn 


C/BEn] 


SBHEn * 


BEOn 


C/BEnO 


RFRSHn 


DAT31.22 


AD31:22 




DAT21 19 


AD21:19 




DAT18 


AD18 


•MWRn 


DAT17 


AD17 


IOCS16n 


DAT16 


AD16 


IRQ 


DAT15:0 


AD15:0 


SD15:0 


RESET 


RESET 


RESETDRV '''' 


LADSn 


FRAMEn 


BALE 


LDEVn 


DEVSELn 


MCS16n 


RDYRTNn 


IRDYn 


AEN 


W/Rn 


IDSELn 


lORn 


M/IOn 




MRDn 


LCLK 


CLK 


lOWn 


RDYn 


TRDYn 


lOCHRDY 



Cirrus Confidential 
Business Information 



CL 152588 



Nordic-IM Design Specification rev.5.0 December 21, 1998 



61 



Cirrus Logic, Inc. Confidential Information 



TABLE 5. VESA-VL <•> PCI bus <•> ISA bus Pin Mapping 



VESA-VL 


Intel.PCI 


ISA 


EBROMnA^ADRn 


VADRn 


EROMnA'ADRn 


[NTR 


INTR 


ZEROn 



Notes: 1. SW2, SWO/MCLK/XMCLK and SWl pins are 

normally used by the BIOS as panel type switches readable on SR24[2:0). 

2. XMCLK and XVCLK (on OSC/XVCLK) arc needed for manufacturing test of 
the chip. When they are used, SR24[1:0] will wiggle at clock rate and they should 

be masked on the tester. 

3. MCLK and VCLK are needed for manufacturing lest of the clock synthesizer 
and for chip debug. 



DRAM Interface (for assvmetric, dual WEn 256Kxl6 DRAM>s); 5fi 
(on DVDD) 

MA9:0 
MD31:0 

RASOn.RASln.CASaAVEn, OEn 

WEOn/CASOn,WEln/CASln,WE2n/CAS2n,WE3n/CAS3n 
Configurations: symeu-ic/assymeinc DRAM, dual WEn/CASn 

Note: a) For dual CASn DRAMs, the WE0n:WE3n pms become CAS0n:CAS3n, while 
CASn becomes WEn. 

b) Two RAS-es are used for two banks. 

c) OEn is not actually needed as we use early write. 

glo^k Svi^thesizers: i 

(MAVDD, MAVSS feed mcik clock synthesizer, VAVDD, VAVSS feed dclk clock syn- 
thesizer) 

MAVSS, VAVSS, MAVDD, VAVDD, 
MFILTER, VFILTER 

(Can we design a clock synthesizer without an external filter?) 

CRT & TV.QUT Interface and RAMDAC related pins: 12 

(DAVDD. DAVSS feed all RAMDAC custom layout) 

R.G.B (analog) 

IRef. DCVDDK DCVDD2, DCVSSl, DCVSS2 
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On CRTVDD: 

HSYNC , VSYNC TO (these two pms are on CRTVDD ) 
CSYNC 0 (Composit Sync to be used with any analog TV Encoders like AD720 
CSYNC is activated by SR25(4]=i, otherwise is forced 0.) 

NTSC/PAL O 

( A programablc output that can be used to control a TV Encoder input that 
selects the TV standard. This pm is a generic programable output 
Its value is not affected by SR25[4].) 

On FPVDD: 

TVON/RES O (Generic Programable Output controlled by CR30(3] . 

It can be used to control AD720 TV Encoder Power Control Pin.) 
TVON is on FPVDD (not on CRTVDD like the other TV-OUT pins) 
This pin IS also reserved for future use (DRAM-s). 

Note: If TV-OUT feature is disabled CSYNC, NTSC/PAL and TVON are forced L 
(to avoid powering up the TV Encoder in case it is j)0wered off when not 

in use). 



FLAT PANEL a nd Power Management Interface (on FPVDD): ^ 

R7/SLT)3, R6/SUD2, R5/SUD1 , R4/SUD0, R3/SUD7, R2/SUD6, R1/FCP[3]. 
R0/FCP[2], 

G7/SLD7/sud3/UD3yTD7, G6/SLD6/sud2/UD2yTD6. G5/SLD5/sudlAJDlATD5. 
G4/SLD4/sud0/UD0yTD4, G3/SUD5, G2/SUD4, Gl/SUSPSTn/FCP[l], 
GO/SBYSTn/FCP(0] 



B7/SLD3/sld3/LD3>TD3, B6/SLD2/sld2/LD2m32, B5/SLDl/sldl/LDin"DL 
B4/SLD0/sld0/LD0yTD0, B3/M0D, B2, Bl/OVRW, BO/FCVLK 



(use slow edge pads and stagger them modulo 4) 

FPVDCLK, LLCLK, LFS, FPDE, (use slow edge output pads) 
FPVCC, FPBU FPVEE 



Notes: 



Cirrus Confidential 
Business Information 

b. R1:0. G71:0, B1:0 (24 bit TFT panel extra video data out pms) 

c. We need ako bits for SVSPST and STANDBYSZ PANEL-ON/OFF, PANEL. 
IN'POWER^UP'Or-DOWN. Dwarka, do we have this now ? 

d. We assume that only STN panels need external MOD. CL 152590 

e. No NPD pin. 

f. FCP[3:0] pins are l/O-s whose direction is controlled by FCEVIDEOn in 
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VAFC configurauon. FCVCLK is the clock thai clocks them m and which should 
be used to clock them while ihey arc displayed or at least to resynchronizc ihem before 
being latched on the internal clock. FCVCLK is always an input when in VAFC configu- 
ration. 



Nordic TFT Pane! Dau Pin Name versus the acniaJ TFT Panel Data Signal for difercnt types of TFT Panels 



Nordic Pin N«me*> 
/Panel Type 


RGB7 


RGB6 


RGBS 


RGB4 


RGB3 


RGB2 


RGBl 


RGBO 


8bii/gun 


RGB? 


RGB6 


RGBS 


RGB3 


RGB2 


RGBl 


RGBO 


RGBO 


6bit/gun 


RGBS 


RGB4 


RGB3 


RGB2 


RGBl 


RGBO 


N.U. 


N.f. 


4bit/gun 


RGB3 


RGB2 


RGBl 


RGBO 


N.U. 


N.U. 


N.U. 


N.t'. 


3bit/gun 


RGB2 


RGBl 


RGBO 


N.U. 


N.U. 


SX. 


N.U. 


N.U. 



Where N.U. = Not Used for Panel Data with this type of panel. 



I Audiu P o it (on AD\T)D^. fc Removed on 12/24/93 

GDO fSDiAl DaiA Output w CODCC pin SDPO 
5DI (3tii&\ DfliA in^^ut hmi Cudu piu SDOUT) 
T5Y}iC (riAiriL Syni: Output) 
GDCLK (GLiial Djiia Clutk I/O ) 

D/Cn;'AUX51 (Daia^'Cmmui Stkut Ouipui ui CS4231S Cliip Sckui hi tiic ISA bus) 
PDN (Power D^ wti Output) 

These pins c&ii Ut used as cAttusiuiis fui 24 bit TTT panels, m wlilth i:dst tlit tliip 
dixs nut suppuiL Qie audiu pun. N o te abu that CS4215 has Res e tn pht. 

Miscellaneous Pins: 12 

FpllQwjng Pins m MVPP- 

S W2/R£S4CS I ( Switch #2 or reserved for SDRAM support in the future ) 
SW1/RES4CKE I ( Switch #1 or reserved for SDRAM support in the future) 

SWO/MCLK/XMCLK VO with PD controlled by XReset 

(Switch #1 or mclk dnver buffered output for tesmg and debug 
or external mclk for testing; a special register bit disables this 
output m normal operation for power savings. 
Default: Input on which either SW2 or XMCLK comes in. 
Only if the special register bit 
is set, this input becomes output and outputs MCLK from the clock 
synthesizer for testing. 
The special register bit defaults 0 = the pin is 
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configured as Input; Please note that a h/w configuration PU/PD- 
coniroUs if the actual internal mclk comes from an miemaJ or 
external source, but this PU/PD does not control if 
SW2/MCLK/XMCLK is an input-,or an output.) 

RES4PMS Free Pin with no buffer on it 

Following Pins on PVDD: 

TRWn I (Test Latch Load Enable, active L - for pinscan & test mode) 

VCLK/FCDCLK I/O (Switch #0 Input or vclk driver buffered output for 

testing and debug, or VAFC Dot-Clock Out ; 
Default for this pin is Input on which SW#0 is applied. 
VCLK and FCDCLK is the same signal, the name is 
difercnt to case reference to VAFC spec ) 
FCP[7:4] I/O Feature Connector Data Pins bits 7 to 4. 

The other Feature Connector pins are shared with some 
panel or host bus pins. 
FCESYNCn/RES4SDCLK. I 5428 Feature Connector ESYNCn pin - controUs the 

du-ecuon of FCBLANKn and its effect and tri-suies HSYNC and VSYNC. 
FCBLANKn I/O Feature Connector active low bidirecuonal Blank signal. Its 
direction is controlled by FCESYNCn. 



Digital, Mixed Voltage Power Pins: 22 

BVDDl, BVDD2. FPVDDl, FPVDD2, MVDDl, MVDD2, CRTVDD, 

CVDDl:4. 

VSS1:11 

Total Pins Used: 208 (with two Reserved pins and three other pins that could be freed.). 
Pinout Modifications in rev. 3.8 relative tn rev. 3,7 09/11793 

1. Took-out Whisper Support Pins: WWRn, WRdn, WAD[3:0], FPCn. 

2. Reduced the number of CPU Address Pins: ADR[24:27] weni-away. Use HIMEM to 
place the chip outside 16MB of memory for linear addresing. 

3. Killed CRTVDD and placed CRT Interface on Host Bus VDD. 

4. Introduced VAFC pins in a unique pinout configurauon m both VESA VL and PCI. 
Added VAFCPU a puU-up to enable VAFC (VESA Advanced Feature Connector). 
ADR[:7:24] VAFC pins, and R[7:4], G[7:6] , EROMnA^ADRn, SUSPI/BLL SBYI/ 

ACTI get a configurauon for VAFC -> total 14 pins. 

SWO/VCLK will be used as VAFC VCLK, losing SWO pin as panel type when VAFCPU 
is used. 
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In PCI bus, no ADR pin will be shared with VAFC. 

ASWOPU (Alternate Switch 0) will be added on MD pins to replace SWO pin when 
VAFC is enabled by VAFCPU. ASWOPU will read-back in the same register bit as SWO, 
so the BIOS will not feel any modification in the reporting 'scheme. The chip will drau 
more power in suspend with VAFC. 

5. Moved SW2, SWl/MCLK/XMCLK the two reserved pins (one obtained by killing 
CRTVDD)and TRWn on MVDD to prepare for SDRAM pm compatible option in the 
next Nordic that supports SDRAMs. Marked them as "reserved for SDRAM pin name" 
It looks that TRWn will not be needed, but it was moved on MVDD so that in case ii is 
needed, it is available (in this case we'll need an extra switch for SDRAM suppon or at 
least to disable TRWn test mode effect). 

6. Rearanged VAFC pins as pms R4 and R5 were used by VAFC - an error. 

Pinout Modifications done on 01/06/94 rev, 3.Q 

1 . Update Panel Data Pins based on Robm's Table. 

2. Move MOD pin on a Panel Data Pin used in 18bit TFT 

3. Move OVRW on a 24bit Panel Data Pin. 

4. Removed pin conftgurauon for TV-OUT suppon with digital encoders. All pms marked TV' 

were removed. As a result, some pins like LLCLK, LFS. FPDE. FPVDCLK have one funcuon nou 

5 Removed WavePon pins, mcludmg AUDVDD: total 7 pms freed. 
AUX2 and TVG muxed on EBROMn are no longer needed either. 

6 Added one more CPU address pin: instead of HIMEM, Nordic has now HIMEMO and 
HIMEM 1 . corresponding to CPU Address 24 and 25 or any other external decode of the high 
order CPU address bits. In the procccss of adding this pin, most CPU Interface pms on the 
right side were moved to the nght by one pin 

7 Added CRTVDD supplying HSYNC, VSYNC. CSYNC. NTSC/PAL CRT and TV Interfaces 
output buffers. 

8 EBROMn is shared with TVON. the power-on signal for AD720. So. in ISA bus with on chip 
BIOS suppon. AD 720 power on cannot be directly controlled by Nordic. 

9 Added pins for Analog TV Encoder support - AD720 and MCI 377 • 

a. CSYNC = Composit Sync signal 

b. NTSC/PAL = 0 ■> NTSC. !•> PAL 

c. EBROMnnrvON (see #8). 

10 ASWOPU "Aliemaie Switch 0 Putl-Up" pull-up on pin 155. MD[26] was removed, as SWO 
is now not muluplexed. 

1 1 Denultiplexcd some of the pins previously multiplexed: 

a. Pin 168 TWRn/RES4PMS is now RES4PMS, a pin reserved for synchronous " 
DRAM support. 

b. SUSPI/BLI/FCBLANKn is now SUSPI/BLI. not affected by the 
Feature Connector Enable Configurauon 

c. As a consequence of b. pm 97 is FCBLANKn (not muxed with anything) 
Please note that FCEVIDEOn is still muxed with SBYI/ACTI as before, as 
Standby Input and Keyborard Acaviiy are less imponani funcuons m a system 

d. SWO IS no longer muxed on VCLK/FCDCLK So VLK/FCDCLK is a pin 

but It moved to pin 103 in thePVDD area, to be consistent with FC power suppK 



Nordic- hM Design Specification rev.5.0 December 21, 1998 66 

Cirrus Confidential CL 152593 

Business Information 



Cirrus Logic, Inc. Confidenual Informauon 



11 SWl. muxcd on MCLK/XMCLK (pinl97) became SWO This is just a name change lo have 

the switches placed in a more consistent manner 
13. SWl IS now muxed with a reserved pm: RES4CKE. pin 148, which before was totally 
reserved. The idea here is to go for pu/pd with SDRAM -s for SW2 and SWl, while keeping 
SWO on MCLK even with SDRAM-s. 
!4. Pin 147 IS Reserved. It is actually one of the WavePort pins, but placed in-between Memory and Panel 
VDD busses <on MVDD) for maximum flexibility To acheive this, the pins on its right were moved lo the 
nghi by one 

FPVEE <B1AS> moved down to pin 98 fit was 105). 

15 TRWn IS now by itself on pm 96. on FPVDD 

16 The names of all flat panel data pins reflect the panel type table attached to this document 



Cgnfigvtring Ngr^iv-IM 

If Temunaior used specially assigned pins to configure the chip, Nordic-IM will use 
some of the MD31:0 pins sampled on the Reset trailing edge, similar to Mustang. 
The pad cells will have an active pull-down controlled by an extended Reset signal. 
The pull-down resistence will be about 75KOhm. An external pull-up less than 60KOhm 
IS needed only if the option is used. In Suspend, the MD pads are inputs and the DRAM . 
OEn is H so no DC current is drawn by the configuration h/w. An external resistor is 
needed only if the configurauon pin has to be H at Reset. H/W configuration can be read 
via s/w too. 

AH h/w configuration latches are read accessible via I/O. The h/w configuration is 
latched on Reset trainiing edge, (these latches were r/w, with s/w PU read, having 
only read is enough). 

We'll define the configuration pins to minimize the number of external resistors: 
CPU Bus Configuration: 

OnMD18:16& •> no external PU = 32bits VESA VL bus at 33MHz or less bus clock 
& MD23 -> MD16 PU = 32bits PCI bus with Burst PU called "PCIPU" 

-> MD17 PU = I6bus ISA bus PUcaUed "ISAPU'" 

ISAPU controls also the pin EBROMn/SLEEPln 
In ISA bus this pm is EBROMn output; otherwise ii 
is SLEEPIn input to be tied H if not needed 
-> MD18PU = 32BIT VESA VL BUS AT 50MHZ BUS CLOCK 

PVcatlec^ "fVlPV 
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-> MD23 PU ^ 32bits PCI bus no Burst PU called "PCINBPI -. 

This is a reserved configuration m case bursi does 
not work on a PCI bus. 



Reads-back in SR22: 



PCIPU onMDie ->SR22[0] 
ISAPUonMDl? ->SR22(1] 
FVLPU on MD18 -> SR22(2] 
PCINBPU on MD23 -> SR22[7] 



Clock Configuration: 

On MD19 (reads back on SR22(3]) 

-> no external PU = internal MCLK and VCLK clocks, from the internal clock 
synthesizer 

-> MD19 PU = use external clocks from SWl/MCLK/XMCLK and 
OSC/XVCLK 

This PU IS used for manufacturing test. 

One reg. bit is needed if internal clock is selected to control outputing mclk on the 
MCLK/XMCLK pm = 1 if use mtemal clock then output it on SWO/MCLK/XMCLK 
pin. -> SR23[0] is this bit- 



Memory Configuration: SRF[0] 

No Pinsl Use Two Register Bits -> 2CAS/2WE bii=H 2WE, bit=:L 2CAS (default =L) 

-> Sy metric/ Asy metric bii=H Asym., bit=L Sym. 
(default=L) 

BIOS Support: (reads-back on SR22[6] for BI0S8PU) 

Nordic- IM supports 16bit or 8bit BIOS and only in ISA bus configurations. 
The BIOS is always supported when in ISA. 

On MD22 -> no external PU = 16bii BIOS 

-> external PU = 8bit BIOS (no MEMCS16n decode on COOO) 
This option is mostly for debug m case 16 bit BIOS range decode is not fast enough. 
If the BIOS suppon is disabled, this configuration is don't care. Called "BIOS8PU". 
Piease note that Nordic- IM supports COOO BIOS only in ISA. 

In a normal note-book the BIOS is at £000:0 or C000:0 but it is not supported by Nordic: 
so no external component is needed. 

CI AAA CI * Cirrus Confidential 

Sleep Address SelecUon: .g^^.^^^^ Information CL 152595 
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On MD21: Sleep Address Selection (reads-back on SR22(5]). 

-> No external PU = sleep at 3C3[0] - to be used when Nordic is on the 

Mother-board (most cases) 
-> External PU = sleep at 46E8[3] - to be used when Nordic is an adapter 
(like a PCMCIA card and/or an adapter to turn desktop into an 
environment friendly PC) Called: S46PU 
Note that Nordic*lM comes-up awake. 

Feature Connector Configuration: (reads-back on SR24[7]) 
On MD25: 

-> No external PU = no Feature Connector Support: outputs used only for PC 
are forced L, I/O are forced inputs, I/O and inputs are forced on the chip so that they do 
not take power if not connected externally. 

-> Extemal PU = All pins needed for FC including OVRW are active. 
Call^^: VAFCPy 

Oi ' i MD2Ci. — Alltiiiaiu SWQ Stlumuii (Rtads ' bauk uii SR2 4 [0] wIjlu GR2 4 [7] ia 1) 

Total: 9 HAV PU configuration options. 

In normal operation with FC enabled up to three external PU-s may be needed (bus type 
if not VL and FC). 

In normal operauon with FC disabled up to one external PU-s may be needed (bus type 
if not VL and FC) 

Summary of PU/PD Configuration Pins and Register Bits where they can be read-back: 



SR22 r7:01 HAV Configuration Read Register #1 

Read only register, written on reset training edge by activating PU/PD on MDi pins. The 
PD-s are inside the pads acuve only during XReset (extended reset), 

[7] 32bits PCI bus no Burst h/w PU configuration on MD23. It is called "PCINBPU" 
(read only bit). 

This is a reserved configuration in case burst does not work on a PCI bus. 

[6] Select 8 bit BIOS support (if 1). Otherwise 16 bit BIOS support if the BIOS 
support is at all enabled. PU on MD22. 



[5] Resereved for Sleep Address Select: reads back S46PU (MD21). 
1 = I/O address 46E8[3] as sleep address (needs extemal PU). 
0 = I/O address 03C3[0] as sleep address (no extemal PU is needed). 

[4] Reserved Cirrus Confidential 1 52596 

Business Information 

[3] Select external clocks: MCLK and VCLK on SWOMCLK/XMCLK and OSC/ 
XVCLK. (default: internal clock synthesizer, SWO and OSC). 
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PUonXCLKPUonMD19. 

0 = internal clocks with the pins used as inputs for panel type switch #1 and OSC. 
If SR23(4] and SR23[0) arc 1, VCLK and SWO/MCLK/XMCLK. 
respectively become VCLK and MCLK outputs respectively, for test purposes 
(only if SR22[3]=sO MCLK can be seen, but VCLK can be seen even if SR:2[3]=1 
aslongasSR23[4]=l) 

1= SWO/MCLK/XMCLK and OSOXVCLK become XMCLK and XVCLK inputs 
generating directly chip MCLK and VCLK without clock synthesizer. The clock 
synthesizers are powered down if SR22[3]=1. 



[2] Select VESA VL Bus at 50MHz 

1 = VESA VL bus at 50MHz selected (needs external PU on MDl 8) 
0 = VESA VL bus at 50MHz not selected 



[I] Select ISA Bus with PU on MD 17. 

1 = ISA bus selected (PU on MDI7) 

0 = ISA bus not selected (no PU on MDl 7) 

[0] Select 32bit PCI Bus with PU on MD 16. 

1 = 32bii PCI bus selected (PU on MDl 6) 

0 = 32 bit PCI bus not selected (no PU on MD16) 

If [1:0] = 00 (i.e. no external PU on MD17:MD16) 32blt VESA VL bus is selected 

No more than one PU on MD17:MD16 should be used. 



Note: In AVGA3, CF14 is "Enable Local BUs Address Latching Interface". Alpine does 
not have this configuration bit. We need to do what was done in Alpme to get nd of this 
Configuration PuU-up/Pull-Down option. CAA^ ^^e? WA5 this done, Dwarka? 

SR24 Pane] Type Switches Register 

[7] VAFCPU (VESA Advanced Feature Connector External Pull-up) Read-back. 
If external puil-up (the bit read-back 1 ) then all VAFC pins are configured for Video Port. 
Otherwise they have other functions dr are disabled if no other function. (Disabled^ the 
inputs arc forced = the TTL and CMOST threshold controls are off & the outputs are tn- 
stated. It actually reads back what is latched on Reset on VAFCPU. VAFCPU is on 
MD25. 

[2:0] SW2:0 pins read back (read only bits) PkaiL that bit [0] luadA batk 5> i ^'0 jf 
V^ i LTCrU (5R2J[2]) a 0 aiid ADWOPU if VAFCPU is 1.A5W0PU ih uu MD26. 

Configuration Register Bits needed. , Cirrus Confldeotiai 152597 
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Nordic-IM Design Specification rev.5.0 December 21, 1998 



70 



Cirrus Logic, Inc. Confidential Information 



Svmetric/Asvmetric DRAM -> SR8[7] in TL CFI3 in AVGA3 

=>SRF[1] 0 = Symetric DRAM Default: 0 
I = Assymetric DRAM 
This bit is read only in AVGA3 (reads back CF5), but ii is writable in Tl . It con- 
trolls MCLK frequency as an alternate to SRIF. We will use only SRIF to program 
MCLK frequency in Nordic. The default MCLK frequency will be 39.374MHz. corre- 
sponding to SR1F[5:0] = 18H=22D. This frequency fully meets the spec for -80 :56Kxl6 
DRAM-s. 



Two CAS or two WE DRAM -> pin 72 in Tl, CF12 in AVGA3 

=>SRF[0] 0 = 2 WE DRAM (DefaultrO) 
1 = 2 CAS DRAM 

16 or 32bit wide Video Memory (One or Two 256Kxl6 DRAM-s or SDRAM-s) 
-> not m TL SRF[4:3] in AVGA3 (01=:16bit, 10=32bit) 
=> SRF[7,4:3] will be used in Nordic with the same encoding as in AVGA3. 
(U is reserved for Mbit wide). Default: 10 (32bit). See Table next page. 
Please note that we have room to add other types of DRAM-s (SDRAM-s 
for instance). 



In AVGA3 SR8[0] is "CS OUt to EEPROM" a feature Nordic does not Suppon. 
Nordic will not change the meaning of AVGA3 bits unless they are read only 
(like the pins or external PU read back). 

SR8[2:0] are in Tl the read-back bits for SW2:0 input pins, but AVGA3 uses 
them for EEROM programming so we moved SW2:0 read back to SR24[2:0]. 

In Tl SR8[7] is symmetnc/assymetnc addressing,., in Nordic this is SRF[1]. 

Two or one Bank 32bit wide DRAM 

■ -> not in TL SRF[7,4:3] in AVGA3 (00=8bit, 01-16bit, 10=32bit, 1 l=64bit. 
SRF[7] controls if 2MB of Video memory arc available with 4x5 12kx8 -0- or with 4 
256Kxl6 DRAM-s, two banks -1-). h seems that in AVGA3 to support 1MB with rwo 
256Kxl6 dram-s and 32bit wide bus, we select 32bit wide and SRF[7},.. but 1 do nor 
exactly know how this configuranon is selected, 

~> SRF[7,4:3) in Nordic, will select the Video Memory Configuration slightly dif- 
ferently than in AVGA3 and Alpine. See the following table. 



SRF[7] SRF[4] SRF[3] Memory Configuration 



new 0 0 0 32bit, 2MB=4x512Kx8 

0 0 1 16bit, 512KB=lx256KxI6 

0 1 0 32bit, lMB=2x256Kxl6 (default) 

0 1 1 Reserved (64bit ui Alpine) 

new-^ 1 0 0 32bit,2MB=4x256Kxl6, Two Banks 

1 0 1 Reserved 
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1 1 0 Reserved 

1 I 1 Reserved 

DRAM Timing select (shon RAS or long RAS) 
-> SRF[2] in Hand AVGA3 

SRF[2] in Nordic, default 1 = short RAS (3.5 2.5H) 

RT05; 4RKB or 32KB -> not in Tl; CF8 in AVGA3. In Ti SR8(4] is Suspend pm polanty. 

In Nordic Suspend pin is always active L (0 on pin puts the chip 
in Suspend). 

=> SR23[2] in Nordic =0 32KB BIOS (default=0) C0000:C7FFF 
=1 48KB BIOS : COOOOrCCFFF 
The mitial BIOS code should be placed in the first 32KB starting at address COOOO. 

BIOS ROM ZERO* wait select in ISA and fast timing in VL bus 
-> not inTl;CFl in AVGA3 

=> SR23[1] in Nordic =0 no 2:ER0 wail state for BIOS in ISA 



= 1 ZERO wait state for BIOS in ISA. 8MH2 
bus 

Output internal VCLK on VCLK/FCDCLK pin -> not in Tl or AVGA3 

=> SR23[4] in Nordic =0 

VCLK/FCDCLK is an output pm forced L 

= 1 either VCLK or 
FCDCLK is outputed on this pin, 
depending on VAFCPU (read back in SR24[7] value). 
If SR24[7]=1 (Feature Connector pins enabled) than FCDCLK is outputed, otherwise, if 
SR23(4)=1 than VCLK is outputed. VCLK out is needed only for manufacturing test. 



Output internal MCLK on SWQ/MCLK/XMCLK pin -> not in Tl or AVGA3. 

=> SR23(0] =0 this pin is an input namely 
XMCLK if SR22[3)-1 (enable external clocks) and SWO otherwise. 

=1 output mcik 

This pin will normally be used as SWO, except for manufaturing test where mcik and 
xmclk functions are needed. 

Suspendl/BLI bit -> not in Tl or AVGA3. 

=> SR23[5] m Nordic, 0= Suspend pin in Suspend/BLI pin (default) 
1= BLI pm on Suspend/BLI pm 

SBY/ACTI/FCEVIDEQn bit. • -> not in T 1 or A VG A3 

=> SR23[6] m Nordic, 0= SBY on SBY/ACTI pin (default) 
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1= ACn on SBY/ACTI pin 
If SR24[7] = 1 (VAFC pins enabled) this pin is FCEVIDEOn independent of SR23[6]. 

VAFC Enable bit -> not in Tl or AVGA3. 

(read only bit, actually reflecting the status of an external configuration PU: VAFCPU on 
MD25 latched at RESET or under S/W Control) 

=> SR24[7] 0^ VAFC Disabled at pins. 

All VAFC dedicated pins 
are disabled to save power: 
inputs are disabled, outputs 
are L. I/O-s are disabled inputs 
(forced H) internally. 
The shaiied pins are not in 
Feature Connector 
configuration. 
1= VAFC Enabled at pins. 
If any shared pins, they are now in Feature Connector Configuration. 
All dedicated pins are active in this configuration. 

Compressed Live Video (SashaPack) Enable bit -> not in Tl or AVGA3. 
=> SR24[6] 0= disable (default) 
Is enable 



Audiu III (fiuiii C5421j3 Lu ?^uidiL) DiabL bii nut iii Tl ui AVGA3. 

-u> SR24[5] 0- di&ablL (fuiLt nipms 

iiidLiiVL diid umpuis L 

disablL Al - nrO aiid lvlIcs; 



1- LiiflblL 



Audiu Qui (fiuiii ?iuidiL LU C342\B) DiabL bit. iiui in Tl ui AVGA3 
GR24[6] 0- disablt fas abe^vt bui 

AO - riro) 



l-uiablt 



Panel Type Switch Read-back -> SR8[2:0] in Tl or SR7[6:4], not in AVGA3 

=> SR24[2:0] in Nordic, read only, writable on Reset or 
under SAV Control (SR24[3]) 

When SR24[3] whose default is 0, transits from 1 to 0 
SW2:0 pin value is latched into SR24[2:0 which cannot 
be written by I/O. 

Please jjfite that R9x[l:0] TFT Panel type field of Tl was expanded to suppon 24bit TFT 
panels: 

Cirrus ConfidentiaJ 
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00 -> 9bit (333) (as in Tl) 

10 .> 12bit (444) (as inTl) 

01 -> 18bit (666) [was xl in Tl covering both 01 and 10 !!] 

1 1 -> 24bii (888) -> new in Nordic 

Notes: 
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0.1 a. If 24bit TFT panel is selected, all related vins will be configured for ii and u has 
prioritv over panel pins confieurauon settings for cross talk reduction enabled 

b. MOD is selected onlv with STN panels. 

c. If 24bit TFT is not selected and VAFC is not selected, then SUSPST is selected 
on 

Gl/SUSPSTn/FCPrn and SBYST is selected on GQ/SBYSTn/FCPfOl. 

d. Panel Data unused output pms are forced 0 when not in use (depending on panel 
type) 



SR25 Timers S/W Reset, H/W Config. #2 & Packed Modes Register 



' [7] The 85 14A RAMDAC address is decoded as valid RAMDAC address in addiuon 

to the standard VGA RAMDAC address. 
[6] Allows use of EBROMn as external 8514A RAMDAC 

In this case it bahaves like 5428. 
[5] Enable 1 bit/pel packed mode 
[4] Reserved for 2bit/pcl packed mode 
[3] Enable 4bit/pel packed mode 

[2] Configure PCI bus Nordic module for Faster PCI write 
[I] Reset Stand-by Timer 
[0] Reset Backlight Timer 



Other Register Related Topics 

(See nordic-regs-rev#.lst where # is the latest one) 

BIOS scratch Registers #5 and #6 (2 extra required) (r/w) 
SR28:SR29[7:0] are scratch registers. 

Note that SR9, SRA, SR14 and SR15 are AVGA3 scratch registers which we keep in Nor- 
dic. Also there are 13 18 bit scratch registers in the RAMDAC is SR12[1]=L 



Cirrus Confidential CL 152602 
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R9x - TFT Panel Data Format 



[7] Reserved 

(6:4 Select a 0 lo 7 shift-clock delay from the interaaJ character clock counter 

{8 VCLK/Character Clock) to TFT panel HSYNC (LLCLK) signal -> as in Tl. 

[3:2] Panel size select: 

00 -> 640x480 

01 -> 

[1:0] TFT Panel Type: 

00 -> 9bii (333) (as in Tl) 
10->12bit(444)(asinTl) 

01 -> 18bit (666) [was xl in Tl covering both 01 and 10 !!] 
1 1 -> 24bii (888) -> new in Nordic 

Registers that arc Moved Relative to Tl 

CR1B[7»43,2J (RIB in schematics): 

[7] Disable Text Cursor Blink in Tl. Do we use this feature in Tl? 

Enable Blank End Extensions in AVGA3 
[4] PCLKO (Panel Clock) no divide by two control in Tl. 

I am not sure this bit is actually needed in Nordic. 
[3] IRQ Every Frame or Every Other Frame ? Is this bit used inTl ? 
[2] Not Used at All uiTl. 

I think that all these bits are not actually used. Are they needed ? -> Robin, 

CR1C[7:0] & CRlDt7:01 

Are important LCD and Power Management Registers in Tl and Overlay Registers m 
Alpine. These registers are not in AVGA3, but because they are used in Alpine we may 
move them to CR2C[7:01 and CR2D[7:0], which requires one more CRTC Index Regis- 
ter Bit. So: 

CRIC -> CR2C & CRID -> CR2D in Nordic relative to Tl. 
SRF[7] 

In Tl is CRT Refresh Disable. This bit gates /FB/RWC[5) in FB sheet 6. In AVGA3 is 
DRAM Two Bank Configuration select bit. 

I don't think that this bit is used in Tl ? -> Robin. Cirrus CoDfideDtiai CL 1 ' 
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SR16 

In Tl is used to control the pads for power and threshold. In AVGA3 is not used. In 
Alpine is CRT FIFO demand threshold and other things ([4:0] are used). 

Move SRI 6 bits of Tl to SR20 to avoid contention with Alpine. Increase SRX Sequencer 
Register Index to 6 bits. 

SRIA 

In Tl is used as Test register. In AVGA3 and Alpine is Signature Generator Result Hi. 
Move Tl SRI A bits to SR21 if it is not replaced by a similar register in AVGA3. 

Nordic Revision and Mask Codes 

Nordic Microsoft ID CR2F: CD 

Nordic Revision CR27 (4bit5 chip code, 7z , where z is BIOS rev. counting down): 2F 
Nordic Mask Code CR25: 00 
Nordic pa ID: 1200H 
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NORDIC- IM Design Specification 

by Vlad Bril, Robin Han, Sasha Eglit, Rakesh Bindlish, Dwarka Partani. 

JeffOrt 
rev^.l December 21, 1998 

1.0 Introduction & Table of Contents 

Nordic is Cirrus Logic's Fourth Generation Flat Panel VGA Controller to be marketted in 
first half of 1994. 

Nordic- 1 M is a nud-end member of the Nordic family. It is a GUI Accellerator with PCI 
support and Multi-Media Features. 

Nordic- 1 M is targetted for the mid to high end of the Note-book Computer Market and 
for for the energy efficient desk*top computers mother-boards. 
Nordic- IM is not targetted to the adapter market. 

1.1 Table of Contents 

This Specification will address the following: 

1 . Introduction and Table of Contents 

2. Basic Feature Set 

3. Detailed List of Features 

4. Pinout and Pin Description 
5 Architecture Specification 

6. Register Specification - this is a diferent document 

7. Product Implementation Plan - this is also a diferent document 
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2.0 Nordic-IM Basic Feature Set 

1. Flat Panel VGA Compatible GUI Accellerator register and feature compatible to 
5428 and Alpine I AA^. Priority: A (= highest). 

2. 32bit CPU, 32bit Video Memory, 32bit BLT and 32bit CPU to Video Memory 
Data Path. Priority: A (= highest). 

3. 208 pin QFP package. 

4. Targeted to sample CY Qr94, production CY Q2 *94. Priority: A (= highest). 
5 Target cost: S12 to SIO •> less than 400mil [/] in C8 Foster City. 

6. Multimedia Features 

• Pan of a well defined System Solution for high performance CD-ROM video and 
audio playback for the portable market. Priority: B 

• Pan of a well defined System Solution for mid perfomiance low cost live NTSC 
Video and Audio with the NTSC decoder on a PCMCIA card. Priority: B 

• Audi o PoU tu Display M e m o ry. Audio Duffer t o Stiidi Iiutifaut fui CS424Q Audiu 
Cudtc. Ih ' it > rit y . C (CS421fj 13 not fit foi iiuiLiAx>k. tuuipuiLiA). 

« Video Playback decompression accelleration for CinePak including Color Space 
Conversion (YUV -> RGB). Priority: B 

• Live Video in a 320x240 or 640x480 Window from a propnetaryly compressed TV 
decoded data source (at 30Hz) on TFT color panels. Data is stored compressed and u is 
decompressed to 18bit/pel or 24bit/pel in real time at display time. NTSC decoder and 
data compressor is on the PCMCIA card or the PCMCIA controller. Please note that 
due to live video bandwidth requirements on PCMCIA bus , a relatively non-expen- 
sive way to achieve the second feature is to implement this compression algonthm. Pri- 



• Color Key Live Video Overlay based on a 5428-like Feature Connector with PCI bus 

(only). 

7. Integrated in Nordic 1-M 



• 24bit RAMDAC mth true color capability Priority: C 

• Clock Synthesizers for Video and Memory Clock (65MHz/3V. 1 10MH2/4.5V). Prior- 



ority: B 



• Color Space Convener for CinePak. Priority: B 

• 1 8bit DAC with direct color capability Priority: A 




ity: A 
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• DAC IRef Current Source on chip. Priority: C. Boyd and ManShek are v^ orking on ti 
8 Direct Bus Interface: 

• 32bit VESA-VL bus (and 486 local bus) Priority^ A 

• 32bit PCI bus. No on chip BIOS ROM suppon in PCI. Priority: A 

• 16bit ISA bus for demonstration and easy system validation. Priority: B 

• 32K or 48KB BIOS ROM support in ISA and VESA VL bus. Priority: B (only for 
BIOS/ system debug) 

• At least 5 scratch pad registers: optimum 8 scratch pad registers. Priority: A. 

9. Performance Enhancements to achieve l5-20MWinmarks at lKx768 8b/pei: 

• 32bit BitBLT with memory mapped I/O BitBLT registers (as in 5428 ?or Alpme) Pnor- 

ity:A ^ 

• BLT buffer of 8 (xjr^ ) bytes for Source (and Destination ?) data, (5428 buffer is 
Sbyies, Alpine is 16bytes) (as 5428) 

• X/Y offset for Pattern BLT (as in Alpine) Priority: C 
, • h/w graphic cursor 64x64 fas in 5428) 

• color expansion (as in 5428) 

• imear memory addressing (as in 5428) 

• 4 stage 32bit wide wnte buffer and capability to page CPU cycles if accumulated m the 
wme buffer (this is already m 5428) 



10. Dispiay Memory: 

• 0.5MB ( Mbit wide). 1MB or 2MB memory addressing 32bit wide (as in 5428) 

• I or2 256Kxl6 one bank or 4 256Kxl6 two banks (2 CAS symetric, 2 WE asvmetnc) 
(as m 5428) 

• maximum memory clock frequency: 50MH2/3V, 65MH2/4.5V Priority: C 

I LFlat Panel Support: [Priority: A) 

• Color TFT (24bit, I8bit, 12bit, 9bit) 

• Color Dual Scan and Single Scan STN ( 16 and 8 bit, including dual clock panels) 

• Monochrome TFT (8bit), 

• Monochrome Dual Scan STN (8bit), 

XA ^ o , o Cirrus Confidential CL 152608 

• Monochrome Single Scan (4 and 8bit) suppon ^^^^^^ information 
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• Simuiscan with all Fast Panels (6.3MH2 or equivalent) wuh 32bu wide memor> 
No simuiscan with 16bit wide memory with dual scan color panels. 

No simuiscan for 3MH2 monochrome dual scan panels. 

• 640x480 single and dual scan suppon (Pnoriiy:A) 

• 800x600 TFT and no single and dual mono and color STN panel support (Priorin- Ci 

• 1024x768 TFT and no single and dual scan STN panel support . (Prionn. D) 

12. Display Features 

' • High quality monochrome and color shading, at least as good as 6440. Pnonty A 

• Shading option for fast panels. Priority: B 

• Up to 8, 64x64 Hardware Icons independently mapped color+transparent back- 
ground. Priority: C 

• Whisper Cross-Talk Reduction (If panels will be available in the time frame and if we 
can accomodate it with the shading algorithm). Priority: C 

' • **Office Productivity Booster Dual Display*' 640x480 (panel) & 640x480 ( CRTl 4 or 
8b/pel or 640x480 (panel) & 1024x768 (CRT) 4 or 8b/pel Priority: E 

• Vertical Expansion in text and graphics (as in 6235 or 6440) 

• Automatic Centering if not expanded (as in 6235) 

• Grey 'Shades Maping options ?? Is this needed ? Priority: D 

• Text Contrast Enhancement options, (as in 6235 or 6440) 

• Inking Plane ?? Priority: D 

• 7 SO and 90 degree image rotation ?? Priority: D 

• 12 and 16dots wide font support ?? Priority: D 

• h/w offset on h/w cursor ?? Priority: D 

13. Resolutions Supported: 

• the same as 5428 at 5V (4.5Vmin) 

• up-io 45MH2 dotclk ( 1024x768, 60Hz interiaced) at 3.3V 

Cirrus CoDfidential 

14. Power Management Business Information 

• Mixed 3.3V and 5V operation: memory, host and flat panel independent VDD 

• Green-PC spec support. Priority: B 

• Stand-by Mode with internal stand-by timer (as in 6235) CL 152609 
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• Suspend Mode I/O or pin m all modes (LCD. CRT.Simuiscan) 

• Light Sleep ?? - better not for this chip as it requires too much h/w Pnonn • F 

• Panel Power Sequcncmg: automatic or under I/O control (as in 6235 ) 

• Reduced Active Power in Panel Only Operation: < 60mAmp @3.3V Priority:A 

• Reduced Suspend Current: < O.SmAmp. Priority: A 

2,1 Inputs from the Nordic-IM Features Meeting of 09/10/93 

- 24bii DAC if not too expensive (VAR) 

- mclk @5V max 65MH2, @3V max 50MHz 

- vclk and fpvdclk @5V max SSNfHz, @3V max 65MH2 

- panels: 

- TFT 1280x1024? ##. Ikx768 ##, 800x600 ##, 640x480 

24buJ8bit, 12bit. 9bii color 6bit mono 
NEC fflftlgg 

- STN 800x600 dual scan color, 640x480 ds color I6bii 

640x480 ss color 8bit 
640x480 mono bit 8bit and 4bit 

- horiz ## and vertical centering 

- normal 9dot font in 800x600 text ## 

- simulscan for 800x600 and lkx768 panels ## (need to run all modes at 
800x600 or 1024x768 rezolutions -> option to clock panel till h&v Blank ) 

- support for two alternate fonts 10x24 for 800x600 (10x18 actual 
with spacing) and 12x25 for lkx768 ## difficult !! 

- h&v text expansion in 800x600 and lkx768 panels ## 

- color text enhancement ## : bright white instead of white 

- on chip cross- talk reduction ? • any improvement ? 

- shading look-up tables M ? - only if not too large 

- NO Whisper support even on the bus side - out I 
• NO one 256Kxl6 DRAM support - out ! 

- h/w icon support: with h/w cursor up to 4 simultaneously. Horizontal position 
controlled in increments of 64 pixels. 

Icon attributes: off/on, 4 colors/3colors + transparent, no_blink/blink, (simple/dou- 



H/W cursor goes over the h/w icon (visually). Uses independeniy mapped color in 
RAMDAC RAM. Stan at scan-line 64. 



- 50MHz 486DX bus 

- 75Hz refresh rate 

- need one 256Kxl6 support with Audio and some video for Contura - bulJd one 
motherboard for Contura and U Lite, Two DRAM-s only on LT Lite. 



ble). 



- PC98 integration-^ ## - to be negotiated 

- reserve pins for SDRAM-s and CDRAM-s ## 

- NO true dual display ! 




2.2 Inputs from Compaq 09/10/93 
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- think that 8KB/buffer of audio buffer is not enough 

- want to use Analog Devices for Audio 

- No clear winner on conpression. They are watching. Need Indeo dnver 

- Play-back zoom is required. At least pixel replication. 

- Very interested in Compressed Live Video. WAni to talk more. 

- need h/w icon 64x64 with 3col+transparency or 4 color, with pixel replication to 
128x128. 

2.3 Inputs from AST 09/15/93 

- They prefer honzontal icon 

2.4 New Features as of 10/04/93 

- 4bit/pel packed support for Windows Chicago 

- 8bit/pcl video out to the Feature Connector for conversion to NTSC-out 
with Nordic running 640x480 interlaced mode. 

Another idea was to use some of the panel outputs in this case and extend 
the data out to 16bits. 

- The h/w ic'on can be horizontal or venical using the Motion Video Window as imple- 
mentation vechicie -> is it worth? 

- IBM Raleigh asked for 12 and l6dots wide fonts for h/w assisted .Kanji. 10/04/93 

- IBM Raleigh asked for 8bit monochrome TFT panel support. 10/04/93 



3.0 Important Additions to 5428 Data Base 



1. 32 bit CPU Data bus in VESA VL bus support 

2. PCI bus support 

3. Mono and color, SIN and TFT Flat Panel support (ind. hfb). 

4. Live video in a true color window with Windows running in planar VGA mode, 
without a video port (using PCMCIA standard bus and Sasha's decompression 
technique)* 

5. CINE PAK decompression accelleration 

6. Audio Port support for CS421S 

7. Power Management: panel power sequencing, stand-by mode, suspend mode 

8. Mixed Voltage, 33V operation and low active/suspend/standby power q^^^,^^ Confidential 

9. h/w icon support, with a h/w cursor support Business Information 

10. BLT performance improvements: Memory Mapped BLT I/O, patternning, 16 
bvte Source buffer 

CL 152611 
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n, [dual display 1024x768 on CRT with 640x480 on LCD, using the same R.AMDAC / . 
(/ decided to do now 



4.0 Detailed List of Features 

4.1 WAS: On the Cross Talk Reduction Technique -> not in 
IM 

This pan was deleted from Nordic-IM spec staning rev. 3,8 (09/1 1/93). 



4.2 Green PC Spec Support 

(Based on VESA DPMS Proposal l.Op rev. 0,53p) 

This specification refferes to CRT Monitor power managemcni. Additionally, Nordic will 
TABLE 1. Display Power Management Summary 



Sute 


HSYNC 


VSYNC 


VldM 
RGB 


Compiiance 


Power 
Savings 


Recovery j 
Time i 


CRT On , 


Pulsese 


Pulsees 


Acuve 


Mandatory 


None 


NA i 


CRT 
Siand-by 


No Puiscs 


Pulses 


Blanked 


Opuon&l 


MimmaJ 


Shon 1 


CRT Sus- 
pend 


Pulses 


No Pulses 


Blanked 


Mandatory 


Substantial 


Longer 


CRT Off 


No Pulses 


No Pulses 


Blanked 


Mandatory 


Maximum 


System 
Dependednt 



control DAC power consumption. These power nianagement CRT Monitor states are not 
necessarily related to the graphics controller power management states. 

We'll define 2 bits - GRE[2: 1] (the same as Alpine) that control HSYNC, VSYNC and 
DAC Power Off signal (or Blankn to the DAC). Confidential 
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TABLE 1GRE[2:1] Effect 



GRE[2:11 


CRT 
State 


Vsync 


Hsync 


DAC Power 


Nordic 

Power ! 
Management ; 
Sute 


0 


On 


pulsing 


pulsing 


on 


active 


1 


Stand-by 


pulsing 


static at 
MISC(6] inac- 
tive level 


off 


active 

i 


2 


Suspend 


static at 
MISC[7] inac- 
tive level 


pulsing 


off 


acuve or 1 
sund-by { 


3 


Off 


Static at 
MISC(7] inac- 
tive level 


sutic at 
MISC(6] inac- 
tive level 


off 


active, stand- 
by or suspend 



If Nordic is in its own Suspend mode, the BIOS should program GRE[2: l]=3 to put the 
monitor (if any ) in the Off state. 

If Nordic is in its own Stand-by mode, CRT Suspend mode should be forced bt the h/w. as 
stand-by is a timer driven mode and no s/w gets to play. 

If Nordic is in LCD only, the BIOS should set GRE(2: 1] to 3 to power off the CRT that 
may be connected to the notebook computer. 

If CRT only mode and CRT is in stand-by or suspend, the BIOS may reduce the video 
clock and even memory clock frequencies after savmg the current values. 

Except for the above restrictions, CRT Power Management modes are not related to Nor- 
dic power management modes: they can be independently programmed. 

If MISC bit is programmed for positive polarity, the SYNC signal will be stopped L, oth- 
erwise it will be stopped H, 

4.3 Play-back Decompression Accelleration 

(applicable to Cinepak as well as other compression 
standards) - old, kept here only for reference 



4.3.0 The problem 



Cirrus Confidential 
Business Information 



CL 152613 



Nordic-IM Design Specification rev.5.1 December 21, 1998 



8 



Cirrus Logic, Inc. Confidenuai Information 



a) When playback data is compressed on a CD ROM. ii is encoded m 24bit/pel YUV wnh 
crominance sub-samphng. Due to CDROM reduced bandwidth the display window is 
160x120 or 320x240. If this compressed data is decompressed a: full pixel depth, it 
should be displayed as 24bii/pcl RGB window under MS Windows As the play-back data 
is sent to the graphics controller from the CPU bus, ithas to be placed in Video Memorv in 
320KB. 



A standard VGA controller or even GD5428 are able to display the 24bit/pel play-back 
wmdow only if MS Windows is run in 24bit/pel mode (for instance 1024x768 24bit/pel or 
640x480 24bit/pel) by the driver. Under these conditions, the CPU will have to write the 
un-compressed 24bit/pcl play-back data m the appropriate posiuon in Video Memory, 
contigouus to the entue displayed data. 

So. in order to display 24bit/pei in a play-back window, GD5428 needs the driver to run 
24bit/pel at the maximum display resolution. 

But. in order to run 640x480 at 24bit/pci we need 92 1 .6KB of Video Memory and in order 
to run 1024x768 24bit/pel we need 2359.296KB of video memory. (Please note that 2M of 
X memory has 2097,1 52KB). 
Also, when running windows in 24bii/pel mode the performance will decrease 3 or 4 times 
relative to 8bit/pel mode, especially when using DRAM as Video Memory. 

b) When running through MS Windows GDI, the driver can play-back data at 15fps or less 

(with a 486 33MH2). It is desirable to play-back data at 30fps. 

This can be accomplished today only if the dnver does not go through GDI. 

ci If a picyure was stored on CDROM at low resolution (160x120 or 320x240) and it 
needs to be "zoomed", it has to be interpolated both honzontally and verucally for good 
picture quality. Vemcal interpolation is expensive m h/w. 



4.3. 1 The G^ngric Solution ■ old, h^r^ far r eference cinl v 

Today's Windows Accellerators run MS Windows, including the play-back window with 
the same pixel depth (8bit/pel), normally going through the RAMDAC, but using a split 
palette approach with 16 colors reserved for MS Windows and 240 colors reserved for the 
play-back window. The Cincpak driver writes data in video memory in 3:3:2 RGB format 

(8bits/pci) which IS created by the driver Because of the s/w overhead mvolved in 
decompression as well as the GDI overhead, it is hard to go beyond 320x240 clips at 
15fps, though the display quality is much lower than what Cinepak could achieve (240 
colors versus 16 million colors). 

To mn Cinepak with 24pit/pcl resoluuon, today's graphics controllers would require to 

7ni. L^'"^^'^^ 24bit/pel mode, requiring almost 1MB in 640x480 and over 2MB-5 in 
1024x768 modes. 
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A graphics controller that could run MS Windows in 8 or 16bit/pel mode while 
displaying only the play-back window in 24bit/pel mode would mcrease significantly pic- 
ture quality without degrading too much MS Windows performance wuh pUy-back. 
would reduce significantly the amount of Video Memory required for the sarne picture 
quality and would allow a higher frame rate for the play-back. 

Funher. if the play-back data is stored m Video Memory in a semi-compressed format that 
requires less than 24bit/pel this would funher decrease the Video Memory requirements 
and it may even reduce the video memory band-width requirements. 

When zooming the play-back window from 160x120 to 320x240 or higher it is important 
to interpolate. Venical interpolation can be done in s/w but with a relatively large over- 
head. It may be possible to do vertical interpolation on key frames, but there is no practical 
way of doing venical interpolation on inter-frames either in s/w or with h/w assist on the 
CPU write side of the graphics controller. If s/w dnven vertical interpolation on key 
frames is not a solution, then vcncal interpolation can be only achived in h/w on the CRT 
read side and this requires either one or two 16bit/pel line buffers or a big penalty on video 
memory bandwidth (the equivalent of reading 32 or 48bits/pel). 

Honzontal interpolation can be done before play-back data is displayed, without s/w help. 

Please note that there are multiple ways to solve the play-back problems. In Nordic- IM 
weUl try to strike a ballance between the complexity of the h/w solution and the quality of 
the play-back image. 

To a large extent, the solution adopted in Nordic- IM will be generic, not tied to Cinepak. 
though It will be first applied to Cinepak. 



4.3.2 Nordic- IM old Play-back AcceUeration Solution -> canned, kept here for reference 

a) Nordic-lM will nin Cinepak at 1:1 scale exactly the same way as todav^s graphics con- 
trollers: in Sbit/pel MS Windows with 8bit/pel (3:3:2 RGB) play-back wmdow. 

b) Nordic-lM will mn 1:2 scale (zoom) in 8bit/pel 1024x768 MS Windows with 24bit/peJ 
(8:8:8 RGB) pixel depth in the play-back window, honzoniaily interpolated and vemcally 
doubled. Play-back data will be stored in video memory as 16bit/pel (YO UOl Yl UOl )'. 

c) Nordic-lM will nin at 1:1 scale in 16bit/pel 1024x768 MS Windows with 24bit/pel 
pixel depth in the play-back window. Play-back dau will be stored in video memory as 
16bit/pel (YO UOl Yl UOl ). This mode is good for programs that store data in 320x240 
format. 

Because today large play-back windows look bad, while small ones look OK, this solution 
will improve picture quality to a large extent. 

Cirrus ConfideotiaJ CL 152615 
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Concerns: 

Many play-back programs today don't even have a zoom option. To this extent, mode b' 
may not be needed. 

Mode c could be implemented today with 16bit/pel RGB (555) m s/w and the onlv 
improvement we provide is 24bit/pel capability and h/w color conversion isome level of 
accelleration). So mode "c" may not be needed as a special h/w. 

If this is the case, maybe we do not need to do anything in h/w for Cinepak ! 

One idea: should we run 24bit/pel MS windows stored in 4:2:2 (YO UOl Yl UOl j for- 
mat? This Will allow us to run 24bit/pel MS Windows and use I6bit/pel memory space 
with no loss of quality. The windows driver could compress the data and the h/w could 
decompress it. 



4.4 Nordic- IM Motion Video Architecture 

Sasha Eglit, Rakesh Bindiish, Vlad Bri] and Dave Keene are important contribu- 
tors to the Motion Video Architecture definition. 

4.4.0 The Problems to Solve & Generic Solutions 

Nordic- IM is supposed to support CDROM play-back and live-video under Microsoft's 
Video for Windows. With all of today's VGA Compatible Graphics Controllers, the play- 
back picture pixel depth has to be the same as the surrowndmg MS Windows pixel depth. 
In other words, we have to run MS Windows in a 24bii/pel mode in order to display 24bit/ 
pel in the play-back window. 

The only way we can run today live video is from a Video Port (= Feature Connector). In 
this case weUl use an overlay or a color key to define the live video window. 
Due to CDROM player, s/w interface complexity, CPU bus and Video Memory limita- 
tions, only small clips at ISfps or less can be playd-back today. So today we need a lot of 
Video Memory to run small clips in slow motion at low rezoiuiion, Nordic- 1 M will try to 
use less Video Memory, increase the chps size, their resolution and speed. 

NordiC'lM is supposed to support: 

- accellerated play-back for all popular CDROM compression standards, especially 
Cinepak and Indeo 

- live video from a PCMCIA card in a system with a standard PCMCIA host adapter, 
for a "Multimedia-Ready Notebook Computer" 

- live video from a Feature Connector, preferably VESA Advanced Feature Connector 
compatible, for a Mulumedia Notebook Computer with direct NTSC input (full mother- 
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board solution). 

What will NordiclM hnng to the Video plate: 

A. Nordic- 1 M will break the dependency between the pixel depth of MS Windows and the 
pixel depth of the live-video / play-back window. By doing so, Nordic- 1 M will be able to 
run 24bit/pel~LV/PB while running MS Windows iff 8bit/pcl or4bit/pel (even planar) 
This will lead to high quality live-video and play-back, while minimizing Video Memor> 
requirements. 

B. Nordic- IM will funher reduce Video Memory requirements as well as Video Memory 
Bandwidth requirements by stonng data m compressed form, 4:2:2 YUV ( 1 6bit/pel ». 4 l i 
YUV (12bit/pel) or Sashapak YUV (2.6bit/pel) 

C. Nordic- IM will define one architecture and work-frame to run both play-back and Ij%e- 
video in a unitary way for both s/w and h/w. 

D. Nordic-IM will suppon up to two active LV/PB windows at the same time. 

E. By providing h/w YUV->RGB conversion and 1:2 zoom Nordic- IM will accellerate 
playback for most standards, but mostly for standards that allow us access to their decom- 
pressor like Cinepack (for whose decompressor we have a licence). 

Nordic- IM will not provide Cinepak specific accelleration (custom BLT). 

On the Live Video from Feature Connector (or Video Port^ 

Due to pm-out limitations, the VAFC implementation has to be limitted to 8 pins of data 
requiring external muxing of 16bit data to Nordic. Further, the VAFC solution will be 
restricted to 5428 type support: overlay and color key (no memory video port). The only . 
additions to the 5428 suppon will be the internal YUV-> RGB converter able to accept 
sequential 4:2:2 YUV ( 1 6bit/pel in avarage: Y0,U,Y1,V) and display it as a24bit/pel RGB 
in the overlay/coior-key window. We may also support horizontal 1 :2 zoom with avarag- 
ing. Nordic- IM will be back-wards compauble to 5428 and it will support also 16bit 5-5- 
5 RGB Sierra and 5-6-5 RGB XGA pixel formats. As in 5428, live video from the Feature 
Connector can be executed only from mode 5F (640x480 256 colors). 

In the following we will refer mostly to the other two modes of opcnation: play-back and 
live video from a PCMCIA card, which we Ml call compressed live video, because due to 
PCMCIA bus bandwidth limitations, we assume that video data received by Nordic is 
compressed with Sashapak (sec Sashapak detailes funher in this spec). Please note that 
due to its huge advantages, it makes sense to use Sashapak as a mother-board solution coo. 
The main reason we continue to suppon the Feature Connector based live video is the 
availability of drivers for 5428 which will give Nordic an early stan ui the live video 
arena. 

Cirrus CoafidentiaJ 

Video Memory Band-width Constraints Business Informatioo 

Please note that, even with a 32bit wide Video Memory, there are severe memory band- 
width limitations when running 16bii/pel and 24bit/pel graphics modes. 

Assumming that Nordic- IM docs 8 CRT fetches in a row and 1 CPU cycle, for a CRT or 
TFT panel, here are the minimum frequency requirements for memory clock frequency at 
different rezoluuons and pixel depths: 
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24bit/Del: 

R+7P+R=12ni+14m=26m with 1 CPU cycle per CRT FIFO fill fetches data for 

32B/3B=10pixeis 
R+7P = 6m+14m = 20m with no CPU cycle dunng non-dispiay time 
nun mclk freq = 65MHz / SOMHz @ 640x480 •> Nordic- IM upper limit at 5V CVDD 

= 104MH2 / 80MHz @ 800x600 -> tbo high 

= i69MHz / 133MHz @ 1024x768 60Hz -> too hieh 

16bit/pel: 

R+7P+R=12m+I4m=26m / R+7P = 20m fetches data for 32B/2B=16pixeis 
min mclk freq = 40.6MH2 / 36MHz @ 640x480 -> OK even at 3V 

= 65MH2 / 50MHz @ 800x600 -> Nordic- IM upper lirmt at 5V CVDD 

= 105MH2 / 83MH2 @ 1024x768 60Hz -> too high 

12bitypel: 

R+7P+R=12m+14m=26m / R+7P=20m fetches data for 32B/1.5B=21pixels 
min mclk freq = 30.9MH2 / 23MHz @ 640x480 -> OK even at 3V 

= 49.5MHz / 38MHz @ 800x600 -> OK even at 3 V 

= 80.4MH2 / 64MHz @ 1024x768 60Hz -> too high 

8bit/pel: 

R+7P+R:=12m+14m=26m fetches data for 32B/IB=:32pixeis 
min mclk freq = 20.3MH2 @ 640x480 -> OK even at 3V 

= 40.6MHz @ 800x600 -> OK even at 3 V 

= 52.8MHz @ 1024x768 60Hz -> OK at 5V 

We may conclude that Nordic-IM will be able to run 24bit/pel only at 640x480 rezolu- 
tion. 16bit/pel up to 800x600, 12bit/pcl up to 800x600 and Sbit/pelup to 1024x768 rezolu- 
iion. These results apply only to CRT or TFT and single scan STN panels. 
Please note that for dual scan STN panels the memory requirements increase significantly. 

These severe memory bandwidth linutations lead us to attempt to nunimize video memory 
traffic. If we store Cinepak data in 4:2:2, with an avarage of 16bit/pel. mdependent of 
Cinepak wmdow size. Nordic-IM will not be able to run Cinepak above 800x600. 
Any attempt to execute vertical zoom with interpolation, even with two points interpola- 
tion will further aggravate this memory band-width boiUeneck. The next step should be 
lOOMHz SDRAM-s with a large CRT FIFO (32x32) or 64bit wide memory data bus. 
These considerations apply to any playback compression standard that stores data in 
video-memory as 16bit/pel in avarage. The key to a successful compression standard 
would be one that does decompresssion on the CRT memory read and stores data in mem- 
ory as 8bii/pcl or less, in avarage. 

As we store live video at 2,6bit/pel and fetch it as if it was 8bit/pel with Sashapak, 
Nordic-IM should be able to run live video even at 1024x768. 

If we defined a new CDROM play-back standard based on Sashapak, then we could run 
even 1024x768 with 24bit/pel accuracy and keep it memory as an 8bit/peL Keith and 
Ken are actually working on it, with Sasha*s help. 

4.4,1 OnSashapak Cirrus Confidential CL 152618 
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Sashapak js a highly assymetnc. lossy "Block Truncation" compression algorithm opti- 
mized for visually equivalent image processing. 

Data is proccesscd as Y,U,V one byte each. U and V are sub-sampled, charactenzine one 
8 by 8 pixel array, while Y is characterizing a 4x4 pixel aray . Actually one of two values is 
assigned to each pixel inside the 4x4 (for Y) and 8x8 tfor U and V) 
At compression time, the compression chip determines a threshold and two values U&L 
for each group of sixteen (4x4) pixels. This way all pixels above threshold will be 
assigned the value U, all pixels below threshold will be assigned the \aiue L 



31 Ibyte ibvte 



2bvies 



YO 


Yl 


Y2 


Y3 



YO I u 

Yl rn 



BITMAP 



BITMAP 



U.V 



Y2 
Y3 



U 



BITMAP 



BITMAP 



64pixeJs are described by ij 

6x4B=24B=192bits 

=>3bit/pel 

Using 6bits for U & L V 
the compression will be 
2.6bit/pel. 



U 



BITMAP 



U 



BITMAP 



At decompression, the bitmap will control a mux between the U and L values. This wav 
the decompression is straightforward. 

The main drawback of this approach is that a BITMAP contains Y data from 4 scan lines 
and U.V data from 8 scan lines. When data is read from memory to be displayed only data 
from one scan line is used. Similarly the U/L values apply to several scan-imes and the 
same value will be read in each scan line. The same data will be read again and again in 
each scan line raising the actual memory bandwidth requirements to an equivalent of 
16bit/pel map. 

In order to overcome this problem and reduce memory bandwidth requirements, Sasha 
proposed a scan line oriented, segregated mode of data organization. This would 
require the Sashapak compression chip to write compressed data in a specific way puting 
the strain on the compresion chip address generator. The basic principles of the new orga- 
nizauons are: 

1 . Data is organised in the MV Window in chunks of 32 sequential pixels. 

a) For 8bit U/L resolution, as one Y covers 4 pixels, 8 U/L sequential values are needed. 
16bits each -> 8xld/32=4W (8xl2/32=3W for 6bit res. U/L) (where W is a 32bit word). 

b) L' and V U/L data is packed together in the same word ( 1 6bits for U U/L and 1 6 bits for 
V U/L -> total 32bits=l W) and as one pair of U and V applies to Spixels, 4 such values 
are needed for 32 sequential pixels -> 4x32«4W. {4xi2x2/32=:3W for 6bii res. U/L) 

c) The mask data is also scan-line onenied: all 32biis of Y mask of sequential 32pixels are 
placed in one 32bii word and due to sub-sampling on U and V, all 32biis of U and V mask 
of sequential 32pixels are placed in one 32bit word. So in 2W data for 32 sequential pixels 
on one scan line is packed. -> 2W (the same for 6bit resolution for U/L) 
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d) For 640x480 window size, even at 8bit U/L resolution, data for 8 scan-lines fus m one 
DRAM page (symeiric DRAM-s assumed): 320WY+80WU+80WV==480W < 5 i:w pase 



i ^ -igOW for one 8x640 pixels block fits m one page 

i SLA=| 



! Mvwl L^/L for Y 

i STARt- 



U/L for Uy 



Y bitmaps j UV bitmaps 



8Bit per U/L 
resolution 



n-MVW-Otfsei 160W SLA*AOh gOW SLA+FOh 160W SLA*190h SOW ^au Grouped 
j Wher e Si is scan-line number i mside the block • 57 50.1 .56.7 perScanLines ' 

f) The key to memory bandwidth optimization is the fact the the compression cnip will 
organize data sequentially over 32 pixels instead of 8. This will be done for the mask bus 
which will be organized sequenuaily by scan line and for the U/L data. This way a 32bit 
word of Mask data contains only information for the current scan line and no exu-a mem- 
ory fetches arc required. The mam reason we segregate U/L for Y and U/V is the fact that 
we want to use 6bit U/L. In this case it is easier to identify the proper U/L mfo chained 
within 32bit words if the words are sequenual and we have a fix relationship between • 
their address and the 6bit U/L quantities. 

g) If we calculate now the amount of data we need to fetch to display 32 sequential pixels- 

- for 8bit per U/L: 4W (YU/L) + 4W (UV U/L) + 1 W (YM) + 1 W (UVM)=10W=40B 

"> 40B/32pixels=320bit/32pixcls= lObit/pel to fetch from memorv 

- for 6bit per U/L; 3W (YU/L) + 3W (UV U/L) + I W (YM) + 1 W fUVM)= 8W=32B ' 

"> 32B/32pixels = 8bit/pixel 
This is a very good data fetch ratio, much bener than the 16bii/pel we'd get without the 
optimization. 

g) When reading data from the Motion Video Window the controller will generate the fol- 
lowing sequence of addresses, all of them in the same DRAM page (8bit per U/L): 

- fetch the YU/L for the first 32 pixels on scan-line n at addresses* 
MVW_Stan+n*MVW.offset, +U +2, +3 

- fetch the UV U/L for the first 32 pixels on scan-line n at address: 
MVW_Stan+n*MVW_offsei+AOh, +h +2, +3 

- fetch the Y BitMap for the first 32 pixels on scan-line n at address- 
MVW_Stan+n*MVW_offset+FOh 

- fetch the UV BitMap for the first 32 pixels on scan-line n at address- 
MVW_Start+n*MVW_offset+ I90h 

- fetch the YU/L for the first 32 pixels on scan-line n at addresses- 
MVW_Sian+n*MVW_offsct+4, +5. +6, +7 

- fetch the UV U/L for the first 32 pixels on scan-hne n at address* 
MVW.Stan+n*MVW_offset+A0h44, +5, +6, +7 

- fetch the Y BitMap for the first 32 pixels on scan-line n at address* 
MVW^Start+n*MVW_offset+FOh+l 

- fetch the UV BitMap for the first 32 pixels on scan-line n at address: 
MVW_Stan+n*MVW.offset+ 1 90h+ 1 

- now the MVW FIFO is full.' 

- chunks of ten 32bit words will be proccessed for every 32pixels displayed 

- the MVW FIFO gets empty after the first 10 words being read for decompression and 
display. 

Please note that all data for every 8 scanlines starting from the top of the MVW is in the 
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same DRAM page. 

Because we have to fetch the MVW Data before we stan displaying it, and because at that 
time the CRT FIFO does not empty as fast as it is needed (unless MS Windows is running 
at the same pixel depth as the MV Window), it is necessary to have a separate FIFO for the 
MV'W or at least half the FIFO {at least lOW for 8bit per U/L and at least 8W for 6bits per 
U/L) 

h) When we run 6bit per U/L. because the Video Memory band- width requirements are as 
if we were running 8bit/pel. we could do vertical zoom with avaraging But there should 
not be a need for zoom with Live Video because there is enough CPU and memor> band- 
width to run 640x480 windows even when MS Windows is run as 1024x768 4 or Sbit/pel 

Conclusion: With Sashapak we can get data organized in memory such that the memory- 
bandwidth is as for lObit/pel (8bit U/L) or 8bit/pel (6bit U/L) pixel depth. The actual 
memory area will be close to 3bit/pel or 2.6bit/pcl depending on the resolution of U/L val- 
ues - 8 or 6biis per value- 
Please note that the memory area will be slightly larger due to the fact that we use only' 
480 words in a page of 5 12. 

4.4.2 YUV to RGB Conversion Algorithm 

The ideal YUV to RGB transformation is: 

R=Y+1.37V . 

B=Y+1.73U 

G=Y-0.699V.0.336U 

After defining an objective way of measuring color error. Sasha came up with the follow- 
ing Conversion algorithm: 
R=Y+1.375V=Y+l 3/8 V ' 
B=Y+1.75U=Y+1 3/4U , 
G=Y-0.375U-0.75V= Y-(3/8U+3/4V). 

This algorithm can be implemented with 8 9b:t adders and it should support excess 128 or 
two's complement U»V formats (U,V may be negauve while Y is always positive). 
This algorithm will be used with Live Video. 

For Cinepak, the YUV->RGB converter will be reconfigured to the Cinepak YUV->RGB 

conversion rule: 

R=V+Y 

B=U+Y Cirrus Confidential 

G=Y-V/2-U/4 Business Information 

CL 152621 

4.4.2 Motion Video Architecture Functional Blocks 

Instead of treating play-back and live-video as two separate modules, we'll isolate several 
generic functions to be used by both: 
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- Display Window Generation Block: 
allows s/w to deflne one or two piay-back or hve video windowis) 
The MV Window is defined in memory cycles relative to the stan of hne in honzontal 
and frame in vertical direction. Horizontally the unit of measure is different outside rela- 
tive to the inside of the wmdow: the honzontal window stan coordinate is expressed in 
memory cycles for the surrounding pixel depth (MS Windows pixel depth, normally 4 or 8 
bit/pel), while the width of the MVW is expressed in memory cycles for the MVW pixel 
depth (8bit RGB. 16bitRGB, 422 YUV spacial. 422 YUV linear. 41 1 YUV bnear. 
Sashapak). 

- XS = MVW Horizontal Stan Coordinate (in surrounding 

pel depth memory cycles) 
The honzontal position is programmed with 8 pixel resolution 
(0,8.16,... pixels starting from the left side of the screen) 
XS register CR34[7:0] -> 8 bits 
(up to IK pels in increments of 8 pels) 

To get an early warning, we will require XS to be programmed - 
8 pixels less than the actual position: 0 is zero» 1 is I6pels. 2 is 
24 pels,,.. 

- XW = MVW Horizontal Width ( MVW pel depth memorv cvcles) 

XW register CR35 [7:0] -> 8 bits 
(up to IK pels in increments of 8 pels) 

To get an early warning, we will require XW to be programmed 
8 pixels less than the actual width: 0 is zero, 1 is 16pels, 2 is 
24 pels.... width. 

- YS = Vertical MVW Stan (in tnie scan-lines not affected by 

scan-hne doubling or panel verucal expansion) 
10 bits m CR36(1:0] (msb-s) and CR37[7:0] (Isb-s). 

- YE = Vertical MVW End 

(all bits are programmed, in true scan lines) 

10 bus in CR36[3:2] (msb-s) and CR38(7:0] (Isb-s). 

- SAdOfs Surrounding Address Offset (a number to be added every 

line to the surrounding CRT Address Counter value to allow it to 
jump over the MVW without counting through it. This allows calculating 
the surounding restart address.) This number depends on the surrounding 
mode resolution. Assuming a maximum line of 1024 pels, in increments 
of 4 pels per address {8bits/pel), 256 addresses is enough -> 8bits, 
8bits in CR39(7:0] 

- WMAdS = MVW Memory Address Stan in increments of 

16KB = 4KW (a phisical address 00000: 3FFFF for 1MB or 
00000: 7FFFF for 2MB Video Memory). ^ ^ x 

7bits m CR3A[6:0] Cirrus Confidentwl 

Business Information 

- WMAdOf = MVW Memory Address Offset (A number to be added to 

the current MVW Stan Address to get the next MVW stan Address). 
Having this s/w model allows pannmg through a large image for the 
MVW. The actual image stored in memory may be as large as IK pixels 
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at I6bit per pixel (2 per word) •> 9biis. 

9biis -> in CR36[4) fmsb) and CR3B[7:0J flsb) 
Because the CRT Address Counter counts surrounding memory cycles, dunng the MVW 
display It would count a wrong number corresponding to the MVW pixel depth. To avoid 
this wrong count, the CRT Address Counter is stopped while MVW is displayed and 
loaded with the value corresponding to the end of M'VW and restan of the surroundine 
display. As this address value changes every line, an offset is specified and will ba pro- 
grammed by the MS Windows driver depending on the MVW size and pixel format 
The horizontal size of the window is controlled by a different counter counting to XW 
During the MVW display the adddress will be generated by the same CRT Address 
Counter which will be loaded with a MVW Memory Address Stan (WMAdS). 

- XW8P = MVW Horizontal Width in 8 pixel units. Defines the size of 
the window m 8 pixel units. It is used to temunaie the window horizontally. It may require 
to program the value minus one or two. To be Defined Later. Register CR3D(6:d] wiU 
contain this value. 

Every scan*iine 

MVW Scan-Line Start Address = Previous Scan-Line MVW Surt Address + WMAdOf 

Scan-line doubling for "zoom" should be taken into account when designing the 
MVW Architecture: on the address generation block. 

- Off-screen MV Memory Addressing and Access ControL This includes data type tag 
generation based on MV memory Address and the circuitry placmg the tags in the CRT- 
FIFO, This block has provisions for scan line replication by repeatmg the MV address 
generated on the previous scan line of the MV window (only). 

As Cinepak needs 4:1:1 rectangular format the MV Memory Address Counter needs to 
count in a non sequenual wav: 

YOSn YlSn Y2S(n+l) Y3S(n+l) U V 
implies an address counter that can skip over two numbers, or maybe a second address 
counter that starts counting from 2 instead of zero* 

- One ug bit is generated based on CRT Address and is 1 if the data in the CRT 
FIFO is from the MVW, other-wise is 0, This tag bit, called the steering bit will be 
delayed through die entire data path and end up controlling the final video data mux lust 
before the DAC. 

Other Ug bits called "data-type" tag bits encode the type of 32bit word in a given 
data format and are used by MVW E>ecoder/Serialiscr to steer CRT-FIFO data at CRT- 
FIFO read. 

For instance, in 4: 1 : 1 linear data format, data is stored in memory and in the CRT-FIFO 
as YOYI Y2Y3 U03V03Y4Y5 Y6Y7 U47V47. 3 groups of 32bits. Two "data-type tag 
bits wUl mark the three types of 32bit words so that steermg logic knows where to place 
the three words in the data senaliser. 

Similarly Sashapak will need 3 "data-type" tag bits to encode 8 32bit words (for 6bit per 
U/L) or 4 "data-type" tag bits to encode 10 32 bit words (for 8 bits per U/L). 

16bit RGB 5:6:5 and 5:5:5 and 8bit RGB 3:3:2 can either use the sUndard VGA data 

Nordic- IM Design Specification rev.5, 1 December 2 1 . 1998 18 



Cirms CoDfldential K^^^i 
Business Information 



Cirrus Logic. Inc. Confidenual Information 



path, which m 5428 was extended to 16bit wide (used for I6bit/pcl lkx768 mieriaced) or 
the new data path, if a phisically new data path will be actually created 

- MV Data Path , This is area wise the largest piece. It consists of a new I6bu wide data- 
path with the same delay as the VGA data path, that takes MV data from the MV prefetch 
cache and the CRT FIFO, treats it appropriately depending on the VTV' data format 
encoded in the MV tags and convens it to 24 bit YUV first and 24bu RGB second. Hori- 
zontal zoom with avaragmg (or maybe 5 levels of mterpolation) is in this block too 

. Larger (26 or 24 stages) CRT-FIFO, Variable CRT-FIFO threshold and its con- 
trol. Because the MS Windows pixel depth and MVW pixel depth don't match, it is nec- 
essary to reserve CRT-FIFO space to fill in enough high pixel depth data before the 
MV\^' display stans. In Sashapak this means 10 or 8W (for 8 or 6bits per U/L respec- 
tively). 

This function can be implemented as a dinamic threshold size modification of the CRT- 
FIFO. If the CRT-FIFO has 24 stages instead of 16 but only 16 stages are used before the 
MVW but It IS switched to 24 when MVW fetches start, there will be 8 more stages to fill 
at that time ensunng more prefetched data in the CRT-FIFO at the beginning of each 
MVW scan-ime- 
' In normal operation the threshold is 8 (or 6 ). 
Here is the sequence of events that follow the detection of MVW start: 
L Drop CRT-FIFO threshold to 1 to get immediat service 
& make 10 (or 8) more stages available in the CRT-FIFO. 

2. SUrt fetching MVW daU till CRT-nFO is full. 
(BLT in progress will increase latency) 

3. Increase threshold to 10. 

4. Proceed as such till end MVW. 

5. Load the CRT Address Counter with 

its last contents ^ SAdOf 
(where SAdOf = Surrounding Address Offset) 

7. Continue fetching based on the new address 

(start with random cycle). CRT-FIFO threshold remains the same 
• at least 10 or 8. CRT-FIFO size is still 26 or 24. 

8. At the end of line, upon flushing the CRT-FIFO before prefetch, 
decrease CRT*FIFO size back to 16 keeping the threshold the same. 

9. Go back to #1 for the next scan-line. 

This sequence Is applied if MVW pixel depth is higher than surrounding pixel depth. 
If MVW pixel depth is lower than surrounding pixel depths then the action described 
at #1 above takes place at the end of MVW, instead of the beginning. In other words, 
FIFO depth extension takes place when a swiuh from low to high pixel depth occurs. 
If MVW pixel depth is the same as the surroundings only the address is switched. In 
this case the CRT FIFO depth and the threshold remain the same. 

Cirrus Coofldentiai 
Business Informatioo 

- Sieenng logic decode the tags comming out of the special addition to the CRT-FIFO and 
the pre-fetch buffer and controls the decompression, formatting and serialization. 
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(they tell the formatter what data is Y. U or V). 



- What about the video senalizer load and the CRT FIFO read signal'' What hapens to 
them when in MVW? They are one signal today. 

WHEN the data path switched to display MVW data, what hapens with the VGA Video 
Data Path is don't care as we do not display that data, except for the h/w cursor anf the h/ 
w icon that do not go through the standard VGA serializer. So we'll probably stop the 
VGA data path untill the point h/w cursor and h/w icon are combined into it. to save 
power, as we will stop the MVW data path when not in use. for the same reason. 
So. the Video Senalizer Load may be stopped while MVW data is displayed, but the 
CRT FIFO read will be going on, with a frequency and shape depending on the data 
format loaded in the CRT FIFO for display. 

In RGB 3:3:2 8bit/pcl direct color mode CRT-FIFO read will be generated every 4 vciks. 
In standard RGB 5:5:5 or 5:6:5 16bit/pcl modes CRT-FIFO read will be generated every 

two vciks. 

In YUV 4:2:2 24bit/pel (YO U Yl V on one scan line) the CRT-FIFO read will be gener- 
ated also every two vclks, 

IN Sashapak 10 (for 8bit per U/L) or 8 (for 6bit per U/L) CRT-FIFO read pulses will be 
generated every 32 vclks. 

- The MVW Address Counter, loaded at the beginning of each MVW scan-line with a stan 
address calculated based on the Start MVW Address and the MVW Address Offset, will 
count at format dependent rate for as long as the CRT-FIFO is not full. Because the CRT- 
FIFO will be emptied faster m the MVW (in general the pixel depth will be higher in the 
MVW) there will be requests for more memory cycles when displaying in the MVW 

- If either h/w cursor or h/w icon are on, they should be displayed even if the direct data 
path is used. In this case both video data pathes will clock and the steer tag will point to 
the VGA data path when either h/w cursor or h/w icon or both are displayed, even on top 
of a MV window. Please note that neither the h/w cursor, nor the h/w icon data go through 
the CRT FIFO or the VGA Data path except for the final pixel address block and the 
RAMDAC RAM, though they have a special path in the RAM. So we could stop most 
of VGA data path (including the internal palette) but not all of it even if we are m 16bit/pel 
mode (the new one that goes through a separate I6bit data path). 

- If we are in a 16bit/pcl mode with no h/w cursor or h/w icon, or in a 640x480 MVW 
mode filling the screen, we can stop the VGA data path to save power. 

- The off-screen MVW memory will be a programable stan memory array normally 
placed towards the end of the memory, but before h/w cursor, h/w icon and the half frame 
buffer, even the color one. The start of the MVW memory will be programable in incre- 
ments of 4KW (16KB) as a physical address -> 7bits to program. 

CR3B[6:0] is the MVW Memory Array SUrt Address. Cirrus ConfidentiaJ 
2MB configuration will support enough memory to support: Business Information 

- one 640x480 3bit/pel window or up to two 320x240 3bit/pel (Sashapak) -> 32KW 

- one 640x480 16bit/pel window or two 320x240 I6bit/pel windows 
(153.6KW=:6l4.4kB out of 256KW or 512KW available depending on the memory con- 
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figuration) 

- all of the above at the same time up lo a total of two windows though. 

IMB configuration will support: 

- one 640x480 3bit/pcl Sashapak window or two 320x240 Sashapak windows or 

- two 320x240 16bit/pel windows. 

Please note that about 24KW are needed for 800x600 DS Color STN HFB. the h/w cur- 
sors and h/w icons while about 18KW are needed for 640x480 DS Color STN HFB and 
that 

- 640x480 4bit/pel requires 3 8. 4KW 

- 800x600 4bit/pel requires 60KW 

- 1024x768 4bit/pei requires 98.3KW 

- 640x480 8bii/pel requires 76.8KW 

- 800x600 8bit/pel requires 1 20KW 

- 1024x768 8bit/pel requires 196.608KW 

Video Motion Formats supported are: 

- 8bit RGB 3:3:2 going through the palene (RGB 3:3:2) 

- 16bit RGB (5:5:5 Sierra and 5:6:5 XGA) not going through the palette -> this is a 16bit/ 
pel that does not require double doiclock ! ! 

- 4: 1 : 1 array convened to 4:2:2 YO Y 1 Y2 Y3 U V .> YOUYl V Y2UY3V for Cincpak 

(with Y2Y3 for the next scan line) 

- 4:2:2 Unear YOUYl V from TV Decoder 

- Sashapak format (we'll support only 6bii/pel) 

- for 8bit per U/L: 

4W (YU/L) + 4W (UV U/L) + I W (YM) + IW (UVM)=10W=40B 

">40B/32pixels=320bit/32pixels=10bit/pel to fetch from memory 

- for 6bit per U/L: 

3W (YU/L) + 3W (UV U/L) + 1 W (YM) + IW (UVM)= 8W=32B 
--> 32B/32pixels = 8bit/pixel 

CR3C[3:0] will encode the pixel formal for the first mouon video window data. 
Oh = 0000 = 8bit RGB 3:3:2 going through the palette 
Ih = 0001 s 16bii RGB Sierra (5:5:5) 
2h = 0010 = 16bit RGB XGA (5:6:5) 
3h = 0011= 4:2:2 YUV YOUYIV 
4h = 0100 = 4:1:1 YUV linear Y0Y1Y2Y3UV 
5h = 0101 = 4:1:1 YUV array Y0Y1Y2Y3UV but Y2Y3 are in next 
scan line 

6h = 0101 = Sashapak 6bits for U/L 
7h = 01 10 = Sashapak 8bits for U/L 

8h:Fh = 0111:1111 = reserved _ fidentiai 

CR3C[4] = Enable Motion Video Window ^^^^^ , r * «r4nn 

CR3C[5] = Enable Live Video m Full Screen Information 
CR3C[7] = MVW horizontal zoom (doubling) 
CR3C[6] = MVW vertical zoom (doubling) 

CL 152626 



Nordic-IM Design Specification rev.5.1 December 21, 1998 



21 



Cimjs Logic. Inc. Confidential Information 



Note: We will not suppon 4:11 linear from TV decoder, for design simplicitv . 

Memory data formats: 

- 8bit and 16bit RGB, as in 5428. 

-4:1:1 Cinepak converted to 4:2:2 by wnting a 4:2:2 Code-Book 
first scan line -> VoUYlV -> One 32bit Word 

second scan line in memory -> Y2UY3V -> One 32bu Word 

- 4:2:2 linear will be mapped in memory as follows: 

first scan line YOUYIV 
first scan line Y2UY3V 

consecutive data in the same scan line. 

The tags that accompany the motion video data through the CRT-FEFO mark both the data 
formal and the type of data inside the formal (U/L for Y or U, V or mask for Y or U V in 
Sashapak, YO, Y I, U or V in 4:2:2). 

Double Buffering for MVW Video Memory Data 

In order to get a high quality Live Video fiill frames should be displayed at all times. This 
assumes that wnting the video buffer and displaymg it are in sync, which is normally not 
the case. 

To solve this problem and provide a simple interface between MVA h/w and the driver, 
Nordic will support a double buffer approach. 

Addressing with SashaiMck: 

Sashapack stores data for eight scan-lines in one memory page (works only with synchro- 
nous DRAiM-s). But due to U,V sub-sampling diferent data types are not read from mem- 
ory uniformly. 

Op Y y/L the first four scan-lines read at offset 0 in the page, but the second four scan- 
lines read at offset 50H in the page. 

Qn Uy U/^ we read the same dau for each scan-line. So we repeat reading the same data 
at all times, for eight scan-lines. Page addresses to read are AO:EF. If the scan-line is 
shorter it will end sooner. 

Q" Y MftP the data should be sequential, scan-line oriented: first pixels 0 to 639 on the 
first scan line, than pixels 0 to 639 on the second scan line and so on till the 8-th scan line 
If the lines have less than 640 pixels, Sasha wants them cropped for the first 4 scan lines, 
and then starting again from the half for the next four scan-lines. This is in sync with Y U/ 
L where the last four scan-lines stan from nud. 

On U.V Mai?' because of the vertical subsampling, the same data is read for two scan 
lines, so there are four scan-lmes worth of data but each scan-line is read for two consecu- 
tive scan-iines. Even if the scan-line is shorter, there will be a gap every-scan-iine: there 

are fix page addresses for each scan-line up to 640 pixels wide. ^. . . 

^ Cirrus Confidential 

Business Information 
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Full Screen in a given graphics^mode 




YE 



YS 



xw 



Motion Video 
Window 
Display Position 



WAdOf _ 


— 


XW8P 


— ► 



Where: 

- XS = MVW Horizontal Stan Coordinate (in surrounding 

pel depth memory cycles) 

- XW = MVW Honzontal Width ( MVW pel depth'memoiy 
cycles) 

- YS = Vertical MVW Start (in true scan-lines not affected by 

scan-line doubling or panel vertical expansion) 

- YE s Vertical MVW End 

(all bits are programmed^ in true scan lines) 

- WAdOf = MVW Address Offset (a number to be added 

every line to the CRT Address Counter to allow it to jump 
over the MVW without counting through it. 

- XW8P s MVW horizontal width expressed m 8 pixel units 

Please note that MVW horizontal width is defined twice in different units; 
XW defines it on the memory side in memory cycles 
XW8P defines it on the CRT side in 8 pixel units. 

Cirrus Coofidential 
Business information 
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Video Memory 
Data 




T tags 
DaU in Different 
Formats 



& h/wc 
& h/w i 



VIDEO 
CONTROLLER 



Sashapak 
and 4:2:2 
Decompr. 

Serializer 



Data Format 



UpsampUng 
& 

Filtering 




We'll need to 
match the delay 
in the two data 
pathes. 
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16bit/pel will go through the 
MVW data path in all cases. 
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4.5 Feature Connector Support 

Nordic- IM will suppon 5428 Feature Connector so that it is compatible to Media Man- 
ager. 

Nordic- IM will support VAFC (Vesa Advanced Feature Connector) m the 8bit VSVPC 
passthrough compatibility mode. 

The main difference beteen 5428 FC and Nordic FC is the fact that 5428 FC has one 

EDCLKn control pin controlling the direction of the DCLK pm, while Nordic- IM as well 

as VAFC have a FCDCLK output pin and a FCVCLK input pm. 

Dave Keene believes that 5428 FC is VAFC compatible. To ease the design, I kept 5428 

FC pin names (not VAFC pm names). 

On VAFC compatibility here are some comments: 

- GENCLK can be applied on XVCLK if SR22[3]=1. 

But, if SR22[31sl (select xclk) & SR24[7]sl (VAFC enabled), then XMCLK 
should get OSC and MCLK Synthesizer operates normally, except that the reference 
frequency comes from XMCLK instead of OSC pin. If SR22[3}sl & SR24[7]3rO, then 
MCLK comes directly from XMCLK pin and the MCLK and VCLK Synthesizers 
are powered-down !! 

- GRDY signal is similar to OVRW. 

- VRDY is similar to EVIDEO if EVIDEO is dinanucally switched as a valid data in sig- 
nal. 

- EGENn is not needed if we configure Nordic- IM in the right configuration with 
SR22[3) (XCLKPU) and SR24[7] (VAFCPU). 

- As VAFC maximum FCVCLK frequency is 37,5MH2, VAFC supports a mode in 
which data is sent at 37.5MHz to the DAC and it each pixel will be displayed twice if the 
chip IS running at 75MHz pixel clock. This allows only 8bit/pel data to be displayed. To 
display 16bit/pel data we should use both phases of the FCVCLK and pack the data mto 
one pixel. I think that this is already done in 5428. if not Man-Shek and Fong-Jim are 
modifiymg the 5429 RAMDAC to support this mode -> we need to support it too 

- VAFC requires FCDCLK to be swiichabie under s/w control beteen Ix and l/2x the 
pixel clock. If we took this out of Nordic- IM data base, we should put it back, but the 
.divide by two should affect only FCDCLK going out of the chip. 

Check VESA VAFC Proposal I. Op rev, 0.31 07/15/93 for VAFC timing info. 

Nordic- IM FC Ptns Functional Description 

Most of this is from 542X Data Sheet page 3-26: C**"™* Coofidential 

Business Informatioo 

VSYNC and HSYNC TO The standard CRT pins tn-staied when FCES YNCn is L. 

Thes pins have programable polahty. 

FCBLANKn I/O BLANKn m 5428. If FCES YNCn is H, this is an output 

and It supplies the actual composite BLANKn CRTC signal. 
VAFC requires this to be the composite Display Enable 
(no borders). If this is the case, weMl need a bit for VAFC 
that puts DE = HDE & VDE invened on BLANKn. 
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If FCESYNCn is L FCBLANKn is an input and it forces 
RAMDAC RAM outputs to 0 (black)» but it should force 
them black before they go to the panel. 
// seems that by connecting OVRVi/ output to BLANKn as 
input we can display FC data in a window - this will work 
though only if OVRW.-intemally controls the pixel address 
mux between normal VGA data and the FC data. 
FCP[7:0] I/O P[7:0] m 5428. 

If FCEVIDEOn is H, these pms are outputs and 
represent the pixel address of the RAMDAC. 
IF FCEVIDEOn is L» these pins are inputs and represent 
the pixel address to the RAMDAC. 
CRI A[3:2] control the way the FCP[7:0] are muxed with 
the normal data. 

FCDCLK O (the actual pin is I/O) outputs VCLK or VCLK/2 if selected through s/w. 
FCESYNCn I ESYNCn in 5428. Controls HSYNC, VSYNC and FCBLANKn 

(H-> outputs, L-> H/VSYNC arc ui-stated, 

FCBLANKn is tri-stated.). 
Nordic does not have EDCLKn input as FCDCLK and FCVCLK are not shared. 

OVRW O OVRW in 5428 = Overlay Window. This active Low signal, is generated 

by the BLANKn VT and HT logic (shared) and is supposed 
to be used to create an Overlay Window in which data 
from the Feature Connector is displayed. / don 't know 
why we output this signal. It should be controlling the 
MUX between the normal pixel address and the FC 
originated pixel address. 
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43.1 On the Video Port for TFT Panels 

A Video Overlay live video solution requires a TV Decoder Chip Set, a de-mterlacer (at 
least a line buffer, but usually a full frame buffer), a scalar/fiiier/color convener chip ( like 
CL-PX0072, CL-PX0070 or the more expensive CL-PX2070). To display live video in a 
window at 8CX)x600 or 1024x768 a full frame buffer is needed and some frame level syn- 
chronization needs to be achieved. 

Is there a cheap way to display full screen TV on a 640x480 panel? 
Is a video port a cheap system solution to the above problem? 

Can we design a system that uses a universal TV Decoder like SAA7151A and feeds data 
directly to a Video Port that displays live video at 640x480 30fps with no addiuonal com- 
ponents? This is what customers require! 
Problems to solve: 

1. Accept 7151 data format: 4:2:2 YUV at 6.75MH2 or 4:1:1 YUV at 3.375MHz, inter- 
laced. 

2. Synchronize at frame level. 

3. De-interlace. Optionally display only odd fields with scan line doubling (according to 
Sasha this looks better than displaying true de-interlaced picture). 

4. Get enough memory bandwidth with a 32bit wide DRAM. 

5. Have enough storage space on the Graphics Controller to go over the CRT horizontal 
non-display memory refresh & prefetch time while Live Video Data comes at normal TV 
display speed. 

4^.1.1 Data Format 

In order to accept YUV data, we need good up-samphng filters on U and V. After up-sam- 
piing and filtermg we need a Color Space Converter with 2-th complement (for 7151) or 
excess 128 (for other TV decoders). A good 4: 1 : 1 UV up-samphng filter is quite complex 
and requires many stages of pipe-lining (9 or 1 1) . A good 4:2:2 UV up-samphng filter 
requires less than 5 stages of pipc-linmg. 

As data is stored in TV decoder format, up-sampling, filtering and color conversion are 
done on the CRT read side at dot-clock rate. 

Please note that 4: 1: 1 data requires 48 bits of storage (two dau packs will fill 3 32 bit 
words). 



Cirrus Confidential 
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U.V 



U.V 
Upsampler 



U.V 
Filter 



Delay 



Delay 



Color 
Convener I 



Y.U.V 



4.5.1.2 Synchronize at Frame Level 



To avoid moving objects jagging we should display only ftiU frames. In many systems ' 
today this requirement is not met. For instance play-back systems display as fast as possi- 
ble without any regard for frame synchronization. According to Sasha this is not good for 
X TV. How bad it is remains to be seen. 
If the CRTyTFT display runs at 27MH2 (double TV dot<lock rate) it is possible to use a 
double buffer scheme in which we display twice each frame while writing one TV frame 
in the other video buffer and alternate the two buffers. For a 640x480 display at 4:2:2 
YUV we'd need 2MB of DRAM, as the buffers are embedded in the Video Memorv" 
(6 1 4.4KB per buffer needed). 

Even with this scheme, external VS YNC from the TV Encoder should be used to synchro- 
nize (= reset) Nordic venical counter, so that TV and Graphics frames sian at the same 
time. SAA7I51 outputs VS (TV VSYNC) which can be used as external SYNC bv Nor- 

die. 

If only odd fields are displayed, half data is stored reducing Video Memorv requirements 
to 307KB per frame (6I4KB total which fits m 1MB). This is not a bad idea especially if 
the picture looks better! 

4.5,1.3 De-interlace 

This is naturally done by writing data in the Video Memory. If only odd fields are dis- 
played, Nordic has to determine the field boundary by counting HS (TV HS YNC) pulses. 

4 J. 1.4 Memory Bandwidth with 32bit Wide DRAM 

There are two cases: 4:2:2 YUV and 4: 1: 1 YUV. 



A. 4:2:2 YUV Bandwidth Requirements 

CRT-dot-clock frequency = 27MH2, TV-clock frequency = 13.5MH2 
R=6m, P=:2m 

a. TV-FIFO = 16 stages with 8 to write 8 to read . 
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CRT-FTFO = 16 stages with 8 to write and 8 to read 
:xCRT-FIFO-fiIls + TV-FIFO-empty < 2x 16 CRT-dotclks^ 16 TV-dotclks^ 1 J 85ns 
2x(R+7P) + R+7P + 3m =r 3R+21P+3m=l8m+42m+3m = 63m < 1 185ns 

mclk-pcriod < 1 185ns/63 = 18.8ns -> 53MH2 mm mclk frequency 

b- TV-FIFO = 32 stages with 16 to write and 16 to rsad. 
CRT-FIFO = 16 stages with 8 to write and 8 to read 

4xCRT-nF0-fills + TV-FEFO-empty < 4x16 CRT-doiciks=32 TV-dotclks=2370ns 
4xfR+7P) +R+15P +5m = 5R+43P+5m=:30m+86m+5m= I2Im< :370ns 

mclk-penod < 2370ns/I21 ~ 19.58ns -> 5lMHz min mclk frequency 

c, CRT-FIFO sr 32 sUges 16 to write and 16 to read @ 27MH2 
TV-FIFO = 16 stages 8 to write and 8 to read @ 13^MHz 

CRT-FIFO-fills + TV-FEFOnrmpty < 32 CRT-doiclks= 1 6 TV-dotclks= 1 1 85ns 
(R+15P) + R+7P + 2m = 2R+22P+2m=12m+44m+2m = 58m < 1 185ns - 

mclk-period < 1185ns/58 = 20.43ns -> 48.9MHz min mclk frequency 

Please note that Nordic already has 32 (or 36 sUges of CRT FIFO • MVA FIFO) and 
24 stages of FB-FIFO (write + read). So if we use all the buffering area available we 
can meet case c requirements and run direct live video at 48.9MHz mclk. 

d. CRT-FIFO ~ 24 stages (12/12) 
TV.FIFO= 12 stages (6/6) 

CRT-FIFO-filis + TV-FIFO-empty < 24 CRT-dotclks=12 TV-dotclks=888ns 
(R+llP) + R+5P + 2m = 2R+16P+2m=12m+32m+2m = 46m < 888ns 

mclk-period < 888ns/46 = 19.3ns -> 5 1.8MHz min mclk frequency 

B. 4:1:1 YUV Bandwidth Requirements 

a. CRT-FIFO = 24 stages (12/12) 
TV-FIFO = 12 stages (6/6) 
CRT-FIFO-fills + TV-FIFO-empty <,32 CRT-dotclks=16 TV-dotclks=l 185ns 
(R+1 IP) + R+5P + 2m = 2R+16P+2m=12m+32m+2m = 46m < 1 185ns 

mcik-penod < 1 185ns/46 = 25.7ns -> 38.8MH2 min mclk frequency 

Because 3x32bit house 8 pixel data, it is advisable that the number of stages m the FIFO-s 
are a multiple of 3 for 4:1:1. ^ 

For 4:1:1 YUV, the picture quality is not that good as for 4:2:2, the control require- 
ments are harder to meet, the filter on U and V is expensive, but the bandwidth 
requirements are easy to meet 

^ Cirrus Confidential 

4^,1^ Covenng the Memory Refresh and CRT-FIFO Prefetch Time Business Information 

Dunng each horizontal non-display time. Nordic executes memory refresh (normally 3 
with an option of 1 - all random cycles), h/w icon and CRT-FIFO prefetch cycles. 
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At that time the TV data comes at normaJ rate and has to be stored in the TV-FIFO Let's 
see how long it takes to execute ail these cycles. 

a. With reference to case A.c. 4.5.1.4 

(4:2:2 YUV the case that meets bandwidth requi.Temenis at 48.9MHz mclk) 

X. CRT-FIFO = 32 stages, 3 refreshes, h/w icon 64x64x2 (4 h/w icon cycles) 
R+31P +3R + R+3P + 3m = 5R+34P+3m=30m+68m+3m=101m < 11 85ns 
-> m < 1 1 85ns/ lOOmsl 1.7ns -> min mclk freq. is 85MH2 
(off by about 42mclks to get to 50MH2 mclk). 

y. CRT-FIFO = 32 stages, 3 refreshes, h/w icon but prefetch 16 CRT-FIFO stages 

(no need to fill the FIFO at the bcgmmng of the line). 
R+15P + 3R + R+3P + 3m = 5R+l8P+3m=30m+36m+3m=69m < 1 185ns 
-> m < 1185ns/69m=17.17ns -> min mclk freq. is 58.2MH2 

z. CRT-FIFO = 32 stages, 1 refresh, h/w icon but prefetch 16 CRT-FIFO sUges 
(no need to fill the FIFO at the beginning of the line & use extended 
refresh DRAMs), 

R+15P + lR + R+3P + 3m = 3R+18P+3m=18m+36m+3m=57m < 1185ns 
-> m < 1 185ns/57m=20.78ns -> min mclk freq. is 48.1MHz 

This case meets the mmimum requirements for non-display time buffenng. 



b. With reference to case B.a. 4.5.1.4 

(4:1:1 YUV the case that meets bandwidth requirements at 38.8MH2 mclk) 

X. CRT-FIFO = 24 stages, 3 refreshes, h/w icon 64x64x2 (4 h/w icon cycles) 
R+23P + 3R + R+3P-K3m = 5R+26P+3m=30m+52m+3m=85m < 1185ns 
-> m < 1 185ns/85m= 13.9ns -> min mclk freq. is 71 MHz 
(off by about 26mclks to get to 50MH2 mclk). 

y. CRT-FIFO = 24 stages, 1 refreshes, h/w icon but prefetch 16 CRT-FIFO sUges 
(no need to fill the FIFO at the beginning of the hne & extended refresh DRAMs). 

R+llP +lR + R+3P + 3m = 3R+14P+3m=18m+28m+3m=49m < 1185ns 
-> m < 1 185ns/49m=24. 18ns -> min mclk freq. is 41.3MHz 

Case b.y will do it for an mclk frequency above 41. 3MHz. 

Note: If required, we could disable the h/w Icon and h/w Cursor when in full screen live 
video from Video Port. 
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Conclusion on Video Port Cheap Svstem Solutinn 

It is possible to achieve a minimum cost mother-board solution for full screen 
640x480 30fps live video by interconnecting directly a digital TV decoder to Nordic 
Video Port under the following conditions: 

1. Prefetch only half CRT-FIFO instead of the entire FIFO 

2. Do one refresh per line (eventually use extendeid refresh DRAMs) 

3. To display 4:2:2 YUV use 32 CRT-HFO stages and 16 TV-FIFO 
sUges (between CRT-FIFO and MVA-BufTer we have enough 
storage now, but it has to be reconfigured). Minimum memory ciocic 
frequency is 48.9MHz 

4. To display 4:1:1 YUV use 24 CRT-FIFO sUges and 12 TV-FIFO 
SUges. Minimum memory clock frequency is 41.3MHz. 



Under t he sam e conditions, it is possible to display live video in a window with a 
640x480 TFT panel, but the image has to be scaled-down and fUtered with PX0070 or 
PX0072 - a more expensive solution. Also, during the actual live video display time, 
CPU and BLT will get very few cycles. This is not a factor with full screen Uve video 
as the CPU does not need to access the Video Memory at that time. 

The question is now: how much cheaper is this solution relative to a full screen TV 
with overlay 7 Sasha is working on a cheap solution with overlay. 



Minutes of the Meeting on MM in Nordic in Nov. ^93 



With D.Keene, Keiih, Del and Nordic Team on 

- Video Pen with 32bit memory is bwth. iimincd. It is not a good solution for 32bit bus - 
better use Overlay or Sashapak. 
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4«6 On WavePort Architecture and Audio Driver 

Sunmg from Dave Keene's WavePort Specificauon, Rakesh, Sasha and Vlad came-up 
with some ideas which could greatly simplify the design work for WavePort. reduction the 
complexity and the number of gates of the WavePort. 
We'll Stan with the small issues and move towards more imponant issues. 

4.6.1 AUXSl and AUXS2 Ptn 

A. Dave proposed to share this pin with PDN (Power E>own) WavePort Pin and configure 
it as AUXS2 when using 423 IS. 

We noticed that 423 IS does have a PDN pin which we'd like to use to save power 
We'll put AUXS2 on another pin. 

. B. Dave proposed to have a fully programmable location for AUXSl and AUXS2 CPU 1/ 
O map with a default at 530H and 388H. This ts costly (4 registers and fast comparators) 
and very difficult to design at required speed: will slow down address range decode for 1/ 
O a lot affecting command to command parameters. 
We suggest to have a fix address for these ports: 530H and 388H. 
Two register bits (one per address) can disable the chip from answenng to these I/O 
addresses. 

If we are not sure where to place these ports, we can leave it as a metal option for future 
modification or have one more alternative for each, but the address should be fix for fast 
decode. 

GR58;GR5B are no longer needed if this option is accepted. We'll need two bits to disable 
530H and 388H address decode and eventually two other bits to select other two alternate 
I/O addresses. We should always decode 16 addresses: 530:53F and 388:397 (not 4 or 16). 

4.6.2 WavePort R/W Buffer Location and Size 

To simplify the h/w and reduce venfication work-load , WavePort R/W Buffer Size 
should be fix: 32KB for each, enough for at least 1 80msec of operation -> 90msec for half 
buffer. Every 90msec the CPU will have to fill and/or empty half Audio Buffer (write or 
read respectively). 

It IS also possible to place the WavePort memory buffer in a fix memory locauon, com- 
mon for both desktop and portable architectures. We could place it in Memory m the 
upper part 

(in high address area), just before the h/w cursor. If the h/w cursor takes the upper 16KB 
of the memory, we could use the next 64KB for the WavePon buffer. 
Going down in memory, in Nordic we'd place the h/w icon in the next 16KB (only 4KB 
needed now... but leave some room for expansion) and the Half Frame Buffer for mono- 
chrome and color panels in the next 32KB and 96KB respccuvely. 

Total: 

96KB for CRXyTFT/SS STN panels, 
128KB for monochrome panels and 
192KB for dual scan color STN panels 

out of 1MB or 2MB memory available. 
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When the memory is expanded, all these fix components should move automatical]) m the 
upper side (towaixis the end of memory). 

This places the WavePort buffer at: 

- for 1MB of memory by 32 (256Kx32 -> 000(X):3FFFF) 3B000:3EFFF 

- for 2MB of memory by 32 (512Kx32 •> (XXX)0:7FFFF) 7B000:7EFFF 

If we adopt this solution, GR43 is not needed, 
4.6.3 On Host Access to WavePort Buffer 

In order to ensure independence between the Graphics s/w Driver and the Audio Driver, 
taking into account AVG A hmitauon of no CPU accesses durmg BLT operation, Dave 
proposed a separate path for WavePort Host Accesses. This involves a separate 4 stage by 
32bii write and read buffer and separate arbitration for the Audio cycles. The buffer is 
shared by WavePort read and write operations and an I/O to an extension register bit is 
needed in order to switch from a read operation to a write operation or vice- versa. 
Dave also proposed that the host address be dependent on GR6 CPU address map bits 
such that the video and audio address maps don't overlap. 
Please note that this approach prevents debug with a Hercules card when in graphics. 

In the following an alternate scheme is proposed: 

- There is one register bit that enables WavcPon memory write accesses and one register 
bit that enables WavePort memory read accesses. When one of these bits is assened ,the 
chip expects only host accesses for the WavePort: the host address will be automatically 
translated to a memory address inside the WavePort buffer. The access will be fully linear. 
32bit only, graphics mode independent (like in extended 8bit/pel). The Graphics block 
will be forced to this mode and all planes will be automaucaUy enabled. On the Host side, 
the WavePort buffer will be placed always at AOOO:00(X) - AOOO:FFFF -> 64KB with 
32KB for read buffer (the upper side) and 32KB for write buffer (the lower side of this 
64KB segment). 

- The CPU Data Path is the same as for any other CPU cycle: no special FIFO, no special 
arbitration are required. The Audio Driver and The Graphics Driver communicate through 
interrupts: There is an interrupt for BLT completed (Dave's idea when presented with this 
proposal) and an interrupt for Audio Buffer Full (or Audio Transfer Completed). When 
the BLT is completed, if Audio is enabled on the chip, the BLT Completed interrupt 
allows the Audio Driver to check if there is any need to service the Audio and vice-versa. 
If possible, the Graphics driver should restrict the extent of the BLT operations to less than 
160mscc or so (leaving at least 20msec to start filling the WavePort buffer). 

- There i s no on chip CPU WavePort address generauon. The CPU address in the range 
AOOOO: AFFFF (incremented by 4 every cycle for DW accesses) is translated to physical 
memory address 3BCXX):3EFFF. If host side WavePon pointers are used, the host address 
is latched and translated for companson with the Codec pointers generated on chip. 

Adopting this scheme would gready simplify the extent of the design and verification 
work for WavePort: 8 weeks at least will be saved. 
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4.6.4 On the Audio Driver 

Dave proposed that the Graphics Controller has h/w w compare the WavePon pointers 
and generate interrupts. The Codec pointers are I/O readable by the host as well as several 
buffer status bits (Audio-IN buffer Full Audio-In buffer half-full Audio-Out buffer half- 
empty, Audio-Out buffer empty,...). 

Nordic- IM will support Dave* s proposed interrupt driven interface. 
In this case the only important difference for the driver will be that it will have to generate 
the buffers address and not rely on the h/w to do this (Dave suggests thafCPU will wnte 
and read always the same address A000:0 or BO(X):0 and the actual address on the host 
side is generated on the chip - we sugest to change this and let CPU generate the address) 

Because CPU has to wait untill the a BLT operation is complete and the BLT has to wait 
for Audio buffer to be full or the transfer completed, two more interrupts are needed: BLT 
operation completed and Audio transfer completed. This way the Audio Driver and the 
Video dnver can communicate with each other. 

The Read and Write CPU side pointers will be generated by latching the last read and 
wnte WavePon CPU address (lower 16biis only) after translation to physical memory 
address. Comparators on the host and codec pointers will generate Buffer Full and Buffer 
Empty signals. 

Jeff On drew our attention to the fact that the driver transfers a certain size block and 
needs an interrupt anyume half of what was placed in the Audio buffer was read bv the 
Codec (the play-back buffer is half empty). To make things simple for the h/w, we' pro- 
pose to give Jeff an interrupt when the CODEC side playback buffer read pointer reached 
a preprogrammed value, value the dnver programs everytime it transfers a block of a cer- 
tain size in the playback buffer. For instance, if the driver put 2KB of data in the playback 
buffer staning from phisical address 3B000 (host address A000:0) and wants on inten^pt 
when the first 1KB was read by the CODEC, it should program 3B0FF in the playback 
inteniipt register, as 1KB = 256 32bit words. The register will have 16bits and the dnver 
will program BOFF to get an intenupi when the CODEC reads 3B0FF or 7B0FF playback 
buffer address. 

Similarly, on the record side, there will be a programable intemipi on the CODEC side to 
be used to tell the driver when the Record buffer is half full. 
So we'll need two 16bit indexed registers for these programable miemipts. For each 
WavePon interrupt we also need a status bit to say that the intenupi happened, an enable 
bit to enable the particular interrupt. As Dave proposed, GR4D is the Intenupt Status reg- 
ister but bits [0] and [2] wUl be the programable intemipts status bits. The intenupts and 
the status bits will be cleared after this register is read (automatic clear in h/w). 

We could use registers GRS8:5B as high and low byte for the programable interrupt 
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on Record and Play*back buffers respectively. 



3EFFF 




Playback 
Buffer 




31X00 
3CFFF 






Record 
Buffer 




3B000 









The wnte-buffer (or Audio-Oui =thc one in which the CPU writes) is empty one Wave- 
Pon wnte cycle to memory after 

WRBUF-Write-Pointer = WRBUF-Read-Pointer+l 
(this condition will activate set an empty flag). 
The wnte-buffer is full one WavePort write cycle to memory after 

WRBUF-Read-Pointer = WRBUF-Write-Pointer ^ I 
The same equations apply to the WavePort read-buffer, only this time the read-pointer is 
on the host side and the write-pointer on the Codec side. 
Shouldn 7 be a AudUhOut buffer full interrupt and a status bit for it? 



Threshold detect mechanism will require to increment host pointers, but the CPU is sup- 
posed to read this pointer and generate the proper address when going above the threshold- 
The idea of the threshold detector is that by incrementing the Audio-In read pointer every- 
time the wnte pinter is incremented if the Audio data is under the threshold value, the 
delta between the pointer remains the same and the buffer does not fill in with sub-thresh- 
old value. This was true if the half-full detection had been generated based on the delta 
between pointers. After talking to Dave, there are some ciarificauons to be made on the 
threshold detect mechanism for record: 

For one record sesion» this is a one time event mechanism: if the threshold was passed 
once after being enabled, its effect is lost - even if the sound level goes below the thresh- 
old the record buffer read pointer works nomally. The threshold will help only in the ini- 
tial sugc before the first actual voice pattern is detected, but it does not have any effect 
after the intitial triggering event - once the sound leved passed once the threshold. 

With this driver approach, GR43 and GR58:5B will not be needed. 

Five registers are saved. Twenty One register arc still needed (plus two reserved = 23). 

Another possible approach for the driver uses extensively the Vertical Interrupt: 

In this case every Vertical Intemipt, the Audio Driver reads the Codec side pointers, com- 
pares them with the Host side pointers, the driver generates based on the CPU address it 
last wrote to or read from and makes its own decisions. The driver will also check the BLT 
completed status bit. 
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In other words, every ISniscc (@60Hz) , on the Venical Interrupt the Audio dn\er can process 
data from the Codec pointers, calculate based on the last address if the WavePon buffer is full or 
empty and decide how many more WavePon accesses to execute. As at least 180msec worth of 
data IS m a full Waveport Buffer, the dnver has 6 opportunities to find out that the buffer is empt\ 
and start filling it before half WavePort buffer is empty. 

On chip h/w IS still needed to stop sending data to the Codec after sending all data and to read all 
data from the WavePort read memory buffer on the host side. Because the CPU decides when the 
buffers are full half full or empty there is no need for registers for the pointers on the CPU side, 
but the CPU address will still be latched to generate the host side pointers. 
The "BLT operation completed" and the "Audio transfer completed" interrupts are needed any- 
way bacuse we share the data-path for BLT and CPU cycles. 

By adopting this mechanism in the driver, no special h/w is needed to preserve pointers on the 
Host side, to compare the Host side pointers (read and write) with the Codec pointers and to gen- 
erate interrupts and status bits. The only interrupts needed are Standard VGA Vemcal Interrupt 
as a time base, BLT completed Interrupt and Audio Completed interrupt. 

We can still implement the threshold detect. 

GR44,GR45, GR48 and GR49 won't be needed. 

Nine registers are saved. Seventeen register are still needed (19 with two reserved registers). 

The above proposal, if OK for the WavePon driver, would reduce significantly the amount of 
design and verification work on the WavePon. This document was written in order to get feed- 
back and reach an agreement ASAP. Our goal is to have a unique s/w model for the WavePon. 
but we'd like to cut the amount of work if possible. 



Rakesh^s notes on the discussion with Jeff Ort and Dave Keene. 

imm 

1 . Since in Nordic, we do only IR + IP always, what happens if the bit is disabled for the host 
read at a time when ODD number of FIFO stages are filled? At Present we assume that while 
recording some SILENCE is insened at the end of recording session and thus we can disable the 
bit as soon as driver disable it. 

Jeff and Dave Kenne both agree that even though no SILENCE is insened at the end, it is still 
valid to disable the memory transfer immediately after the bit is negated. 

2. Threshold Issue. 

If threshold mechanism is enabled, we keep putting the samples into the AUDIO 
BUFFER. 

If the data in buffer is more than the programmed value (GR74 and GR75) and input data crosses 
the threshold value, the interrupt is generated immediately. But if data amount is less than the 
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value in the registers GR74-GR75 and input data has crossed the threshold vaJue then 
wait till it crooscs this value(GR74 and GR75) and then interrupt is generated. 

Dave's specs talk about two pointers on the RECORD buffer, one for the CPU read 

and 

another for CODEC write. Both of these pointers are accessable by the CPU m his specs 
So he suggests that before the threshold is met we should fill up the burYer till half full 
condition. Once the buffer is half full, any more wntes to RECORD buffer by the CODEC 
should increment both of these pomters. In this case whenever the threshold'is met we are 
guaranteed to have some information about the history of audio samples just before the 
threshold is met. At the time when threshold is met the generated interrupt should tell CPU 
that CPU can read the data from the location pointed to by CPU read pointer. 

But in NORDIC, the CPU read pointer is not accessible by CPU. Thus we keep put- 
tmg the samples in the RECORD buffer and not generate the interrupt till the threshold is 
met even though we might pass the programmed value for the inierrupt. At the time when 
the threshold is met, the interrupt is generated if CODEC write pointer is past programmed 
number. If threshold is met before the CODEC write pointer passes the programmed num- 
ber, we wait till it does cross the programmed number. So the driver for Nordic should 
store the CPU address at the time when the threshold mechanism is enabled. So at the time 
of interrupt CPU can calculate the amount of samples in the BUFFER. 

3. Independent control for IN / OUT mono / stereo . 
S Codec read and write are independently controllable for mono or stereo input / out- 

1^ 

^ 4. Jeff agrees with the usage of OFFSET register GR9 to generate the CPU side adress 

^ for audio, instead of NORDIC generating the adress automatically. 

g Minutes of 1 1/20/93 Meeting witli Keitli, Del and Dave Keene 

^ h^J ^ '^^^ ^ WavePort accesses work with linear addressine 

f SR7 - aperture resister). 

2. Make sure that OverRun Status is there even if OverRun Interupt is 
disabled. *^ 

^ E?*i!!J2?ij"* threshold onlv after you reach the given address. 

4. Bit GR6£r61 should move to GR6Er31. 

5. Talk about orocramable address for AUXl and 2. 

6. Check out arbitration for audio throuehlv. 

7. Check overrun interruot during threshold... alwavs oroerammed 
interrupt after crossing threshold. ?? Rakesh may understand this! I 
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4.6.5 Regis tar 8 specs for the AUDIO of NORDICl-M 

GR60 Wave Port Control 1 

7. Reserved 

6. Reserved 

5. Enable audio for host accesses. 

4. SeJect 4215 

3. Stereo for reciever (i:e STEREO CODEC) 
2. Stereo for transminer (i:e STEREO NORDIC) 
1:0 Data Format select 

00 16 bit 

01 8 bit 

10 4 bit 

1 1 reserved. 
GR61 Waveport control 2 

7. Reserved 

6. powerdown control — > 0 will force low on PDN. 

5. Enable command mode. 4215 must have been placed in COMMAND mode by fore- 



low on D/C* pin. 
4. mput level in SDI in command mode, 
3. output level on SDO in command mode. 
2, output level on SCLK in command mode. 
1. output level on FSYNC in command mode. 
0. output state of D/C* pin. 
GR62 Input Audio Threshold setting. 
7:0 Available only for 16bit mode. Only +ve data is compared i:e if msb of left data 
is 1 no compare is performed. 

GR65 

7. Enable Threshold detect mode. 

6:0 Reserved 
GR66 7:0 Audio Input Codec write pointer low byte 
GR67 Audio Input Codec write pointer high byte 

7. Enable input from codec to audio buffer. 

6:0 Audio Input Codec write pointer { low 7 bits of 15 bit pointer) 
GR6A 7:0 Audio Output Codec Read pointer low byte 
GR6B Audio Output Codec Read pointer high byte 

7. Enable output to codec from audio buffer. 

6:0 Audio Output Codec read pointer ( low 7 bits of 15 bit pointer). 
GR6C : Interrupt Control 

7:6 Reserved. 

5. Standard VGA Interrupt disable. 



\ ing 



4:2 



0"> Allow VGA interrupt 
1 "> Disable VGA interrupt. 
Reserved. 
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1 . Audio Input interrupt control > DURING RECORD SESSION 

0 "> disable this interrupt source. 

1 "> Enable input buffer full OR programmed full interrupts. 

0. Audio Output interrupt control > DURING PLAY SESSION. 

0 "> disable this interrupt source. 

1 "> Enable Output buffer empty OR programmed empty interrupts 
GR6D: Interrupt Sutus. 

Indicates any active enabled interrupt. Reading this register will clear the interrupt 
state and reset the status. No effect on the standard VGA interrupt status or inter- 
rupt. 

For All of the following 1 in the bit means PENDING INTERRUPT 
7:6 Reserved. 

5. Standard VGA Vsync interrupt (state of 3C2(7)). 
4. Reserved. 

3. Record Buffer FULL (OVERRUN). 

2. Record Buffer PROGRAMMED FULL. 

1. Play Buffer EMPTY. (UNDERRUN) 

0. Play Buffer PROGRAMMED EMPTY. 
GR6E : AUXl and AUX2 control 

7. Enable Aux Sel 1 low-true output on adress match 530-53Fh. 

6. Enable Aux Sel 2 low-true output on adress match 388-397h. 
5:0 Reserved. 

GR6F: Code status. 
7:4 Reserved 

3. Timer status (ADI) time slot 6 bit 7 

2. overrange (OVR) tmie slot 7 bit5 

1. PIOl input status, time slot 7 bit 7 
0. PIOO input status, time slot 7 bit 6 

GR70: Codec control DWORD from Nordic to codec byte D7:0 
GR71: Codec control DWORD from Nordic to codec, byte D1S:8 
GR72: Codec control DWORD from Nordic to codec- byte D23:16 
GR73: Codec control DWORD from Nordic to codec, byte D31:24 
GR74:75 Interrupt value for audio IN buffer. 

When CODEC reaches the programmed adress -1. an interrupt is generated dur- 

mg the 

record session. 
GR76:77 Interrupt value for audio OUT buffer. 

When CODEC read pointer Reaches the programmed adress -L an interrupt is 
generated during the play session. 
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4.7 Four Bit per Pel Packed Format 

To fully support Windows Chicago, Nodric-IM should suppon 4bn/'pci packed format. 
CPU will be able to write only 8bits or more ai a time. To modify only 4biis the CPU will 
do read modify wnte and mask four bits (bnng then) from CPU latches i, 
The following picture shows the actual format: 



Memory Data 



1 4 3 0 15 12!! 8 23 :0 19 16 31 28 2? 



PO 

msb Isl 


PI 

msb Isl 


P2 

msb Isb 


P3 
msb Isfa 


P4 

msb isb 


P5 
msb Isb 


P6 

msb Isb 


P7 

msb Isb 



Pixel Left Pixel Right 



1 -St pel 2-nd pel 3-rd pel 4-th pel 5-ih pel 6-th pel 7-th pel 8-th pel 



In order to get Nordic- IM to support ihis mode, we need to place the VGA Video Data 
Path in 8bit per pixel mode with pixel doubling (mode 13) but disable the mechanism that 
concatenates adjaisant 4bits to make one 8bit pixel displayed twice (at a divided by two 
RAMDAC VCLK) and disable as well dividing by two the RAMDAC VCLK. 

On the CPU side chain 4 address scrambling should be disabled and data should be 
shifted right like in extended 256 color modes. 

In nordic-regs-rev9.1st we assigned SR26[0] to enable this graphics mode. 



4.8 Robin's Ideas on High Resolution Panels for Nordic*lM 

Nordic's objective is to be able to center and fill the screen on 8(X)x600 panels and to cen- 
ter an 800x600 picture on 1024x768 panels. The main focus is 800x600 panel suppon 
TFT and dual scan STN. 
In TEXT there will be three options: 

- horizontal and vertical ceniermg with 9x16 fonts (disable 640x480 force to 8dois font) 
* auto-expand the font to fill the screen 

- special font to fill the screen 

In Graphics there will be tree options: 

- horizontal and vertical centering 

- use a driver to run at maximum resolution 

- automatic expand to 800x600 (only if s/w verificauon shows it being OK). 

In all cases horizontal and vertical options will be decoupled (different enable bits). 

Here's a list of what needs to be done: 

a. Expand horizontal and vertical centering capability from 640x480 to 1024x768. 
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b. Shadow all HA^ CRTC registers except HDE and VDE. 

The vertical registers are shadowed now. but the horizontal registers are not. 
We need to shadow CRO, 2, 3, 4 and 5. These registers will be written by the BIOS at 
POST. The same mechanism to enable/disable vertical shadow is used to enable/disable 
honzontaJ shadow. 

c. Suppon iCklot character-clock and CRT-FIFO-Read / Shift/Load fVtdeo-Seriahzer 
Load). Now only 8dot and 9dot character-clocks are supported. For smooth-scrolling the 
pel-pan has to be expanded to 10 pisuions (0:9). 

d. TEXT auto-expand will be as follows: 

- honzontal: replicate the last pixel once for 9 dots wide fonts and twice for 8 dots wide 
fonts. 

- vertical: replicate all odd scan-lines 



TABLE 3. Font Expansion for Different Panel Sizes 



Font-Size/Panel-Size 


480 


600 


768 


8x14 


8x19 


10x21 


10x21 + center 


8x8 with scan-in. doubimg 


8x19 


10x24 


10x24 center 


9x16 


8x19 


10x24 


10x24 center 



Please note that in text vertical expansion is done on the scan-line counter as well as the 
verucal display line counter, but it does not affect the vertical non-display line counter. 

e. Graphics modes expansion (to be implemented only after s/w venficauon) 
Graphics expansion is less important as it is assumed that imponant applications will run 
at maximum panel resolution with a driver. 

WeMl need to supply drivers for many applications with high res. panels I! 
Verucal expansion: 

- 3501ines -> replicate all odd scan-lines 

- 4001ines -> replicate ail odd scan-lines 

- 480 lines -> replicate every 4-th line 
Horizontal: 

- center 

- duplicate every 4-th pixel 

■ duplltaiL t ^Li^ puLl with diaganal sliift 
( iLaii - liut 0 lit puU ALaij - Iiiit 1 2iiii ptU iLaiMiuu 2 Did pti, i^tuu - liuL 2 4ili |jl1 
t 

f. Please note that when character clock is expanded to 10 dots, h/w cursor also needs to 
be positioned at 8 or 9, so ii needs one more bit of fine posiuon. 

SR2E[0] will be the msb of h/w cursor (default zero) to be used in this case. 
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4.8.1 Panel Horizontal Timing Control in Nordic 

If in Terminator all panel timing is based on HSYNC and VSYNC 
programing, in Nordic it will be independent of HSYNC and VSYNC 
programming. 



Horizontal Timing for 800x600 panel with 640x480 picture 
CRT-HDE 



4dots 
HRRST j I 



640dots 
Panel HDE SUrt 



LASTj ! 
'HDE 



Panel H. Display wldth4dots 



24 dotsr 



4,8 or I2dots 
LLCLK ^^Q'l I 



Registers for Panel Horizontal Timing Control 



This set of four registers are used to generate horizontal 
panel tiiaing with 640x480 or 800x600 panels and to center 
horizontally a 640dots or 720dots picture on an 800x600 
panel. 

CR40 No Center Panel HDE Start Register 

[7:0] Panel Horizontal Display Enable Start relative to 

previous HDI start, in 4 dot-cl)coe)c units. The dot- 
clock 

used is never divided by two. This register is used to 
program Panel Line Clock Start and Panel Display Enable 
Start with both 640x400 and 800x600 panels any tiae no 
horizontal centering is needed. 

CR41 Panel KDE Start Register to Center 720 dots 

[7:0] Panel Horizontal Display Enable Start relative to 
previous HDE start, in 4 dot-cl)toc)c units. The dot- 
clock 

used is never divided by two. The value in this register 
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will hm automatically Mmmd by Nordic to control Panal 
Lin« Clock and Panal Horizontal Display Enable start 
anytia* a 720 dot moda (taxt or graphic* - RIJC aoda 

only) 

ia cantarad on an 800x600 panal. If horizontal expan- 
sion 

is on CR40 ifl uaad. 
CR42 Panel HDE Start Register to Center 640 dots 

[7:0] Panel Horizontal Display Enabla Start ralativa to 

previous HDE start, in 4 dot-clkock units. The dot- 
clock 

used is never divided by two. The value in this register 
will ba automatically usad by Nordic to control Panel 
l*^nm Clock and Panel Horizontal Display Enable Start 
anytime a 640 dot mode (text or graphics ) 
is centered on an 800x600 panel. If horizontal expan- 
sion 

is on CR40 is used. 
CR43 Panel HDE Dot -Clock Skew Control Register 

[7:6] Panel Line Clock Width: 

0 » 4 dot -clocks 

1 ■ 8 dot-clocks 

2 « 12 dotclocks 

3 « reserved 

[5:4]CR42 value fine (dot-clock) skew: 

0 -> no skew 

1 -> delay Panel HDE start by one dot -clock 

2 -> delay Panel HDE start by two dot-clocks 

3 -> delay Panel HDE start by three dot-clocks 
[3:2]CR41 value fine (dot-clock) skew: 

0 -> no skew 

1 -> delay Panel HDE start by one dot -clock 

2 -> delay Panel HDE start by two dot -clocks 

3 -> delay Panel HDE start by three dot -clocks 
[1:01CR40 value fine (dot-clock) skew: 

0 -> no skew 

1 -> delay Panel HDE start by one dot-clock 

2 -> delay Panel HDE start by two dot -clocks 

3 -> delay Panel HDE start by three dot-clocks 

By programming this skew, it is possible to compensate 
internal delays on Panel HDE for diferent types of panels. If 
all delays are matched the skew fields should be zero to 
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align with charactar clock. 



Automatic switching b«twMn thaaa thra« r«gist«rs will b« 
dona baa ad on CRTC and Saquancar prograaming and tha typ« of 
panal usad 

(640x480 or 800x600) . 

CR 44 Horizontal Panel Display Width Register 

Tha value in this register ia expresaad in 4 dot-clocks 
{never divided by two) . 

[7:0] Panel Display Width in hex expressed in 

4 dot-cloc)c ch\m}cs. As it is used to compensate 
for internal delays, this value is close but 
not exactly 640/4 or 800/4. 

4.8.2 Horizontal CRTC Registers Shadowing 

In order to run VGA progranis on 800x600 panels, Nordic needs to shadow the horizontal 
timing registers except the display enable end, which is application dependent, 
fTl has shadows only for horizontal total.) 

This IS because all horizontal tinung registers but HDE have to be set-up for 800x600 in 
order to run an 800x600 panel. Symulscan with 800x600 panels runs even the CRT as an 
800x600 display in all graphics modes. 

In Tl as well as m Nordic, vertical panel registers are mapped at R2x, R3x„.. accesible 
when CR2D[7] = 1. In nordic these registers remain there. 

IN TI there are two registers: ROx and Rlx which represent HTot shadows, accessible 
with CR2Dr7]. They are no longer used in Nordic, but there is a replacement for them, 
independent of CR2D[7]. 

In Nordic, H Total, H Retrace Stan and End, H Blank Stan and End are shadowed. Each 
entity has two values to chose from: a value for dclk/2 and a value for dclk not divided by 
two. The effect selection is done automatically based on SRI [3] value, but for access there 
IS a selection bit: CR2C[4] to control which of the two sets of registers gets read or wnt- 
ten. 
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Here is a sununary of the horizontal shadow registers and us controls. 

CR2C[S] wnie protect for horizontal shadow: 

1 -> wnte both the shadow registers and the corresponding standard VGA 
registers fields (some registers are not accessed entierly but only m their timing 
pan) 

read back the shadow registers 

0 -> wnte only the standard honz. timing VGA registers (the shadow registers 
are write protected). Changing onlt the value of these registers does not 
have any effect over the CRTC timing, 
read back the standard VGA honz. timing registers 
CR2C[4] Select the set of horizontal timing shadow registers to be used 

(low rez or normal ). This bit is reutilscd from Tl: it was low power RAMDAC 
mode - tie now the logic L) . 

0 -> select Ry for access 

1 -> select Rz for access 

To diferentiate from the Rx registers which still exist as in Tl, and are venical 
panel registers, we'll call the two sets of honzontal shadows mapped in the same address 
space Ry and Rz (Ry = normal, Rz = dclk/2 case) 

The effect of Ty and Rz is controlled by SRI [3] (dclk/2 bit). 

The Horizontal Timing shadow registers are: 

ROy^ R02ya R03y,z (only lower bits) R04y,z ROSy^ (only lower bits) 



When CR2D[7] =1 we can access only the panel registers: R2x,... RBx. In this 
case we cannot access either the VGA standard registers or the honzontal timing shadow 
registers. Please note that ROx and Rlx are reserved in Nordic. Their function is 
replaced by ROy^. 

Standard VGA CR0,2,3,4,5 honzontal timing registers (only the timing fields) do 
not have any effect on the CRTC: only the shadow registers have effect- 
Note: Vertical Blank registers CR15 and CR16 are only write protected in Tl - not 
shadowed. This seems to be an enror... so they should be shadowed in Nordic. 
When using blank as overlay, DEn becomes blank and the shadow registers create the 
overlay both horizontally and vertically, but they are no longer write protected by 
CR2C[3] or [5]... As in 5428, they will not be wnte protected at ail as the overlay is used- 
only under MS Windows which is a controlled environment. 
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1/0 bus 
access if: CR2C(5]=0 



access if CR2C[4]=0 
CR2C[5]=1 



access if CR2Cl4)s:i 
CR2C[5]=1 



CRi. 1=2.3.4.5 



Riv, i=:or4.5' 



Riz- I =2.3- 4.5- 



SR1(3) 



1 



I 



LCD 



Horizontal Timing Values 



T 



Honiontal Timing Values 



4.9 TV-Out Support in Nordic-IM 

Nordic' s objective is to be able output data to an analog TV Encoder chip thus supporting 
a cheap way of displaying on a TV. The main application is graphics, probably under 
windows, TV display and tape-recordig arc of interest. 

Nordic will run in a locked interlaced mode at 13.5MHz for NTSC and it will use the LCD 
panel suppn shadowing mechanism (the shadow Horizontal and Vertical CRTC registers) 
to prevent the application from changing the CRTC set-up. Even the dotclock frequency 
will be locked. Horizontal and vertical display enable will be open to the application. 
Nordic will provide analog RGB, Composite SYNC, NTSC/PAL and TV.QN to the TV 
encoder. AD720 and MCI 377 analog TV encoders that accept RGB input will be sup- 
poned directly (with no glue logic). 

Nordic will have edge skew h/w on the appropnate signals in order to meet the TV Stan- 
dards timing requirements . 

In this mode Nordic will not be able to run a panel or a CRT monitor... no simulscan sup- 
ported with TV-OUT, But the same system will display on a panel, a CRT monitor or a 
TV with minimum glue logic. 

Digital TV Encoders are not supported. 

All standard VGA modes plus 640x480 8bpp can be supported, though special set-modes 
are required, as they all run interlaced. I suspect that we'll end up supporting only a few- 
important modes. Should we compress text to 8dot wide fonts? 
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CSYNC 
NTSC/PAL 



TVON 



H 

H AD720 



NORDIC 



HImp[R-G£ 
IF ^ 



CVIDEO 



R.G.B 



HSYNC. VSYNC 



CRT 



TABLE 4. Dau on TV SUndards 



i 

! PIXCLK 


Multiples of Line 
Frequency 


Active Pixels per 1 
Line | 


Field Rate 


12.2727MH2 


78(KFH 


640 1 


60Hz 


14 75MHz 


944xFH 


768 1 


50Hz 


13.5MHz 


858xFH 


720 1 


60H2 


13.5MHz 


864xFH 


720 1 


50H2 



Signals to be supplied by Nordic; 

- CSYNC = Composite SYNC signal 

- NTSC/PAL = a programable output selecting tiie TV Standard NTSC ( 1 ) or PAL (0) 

The value of CR30[2] comes out on the pin. 

- TVON = H for the TV Encoder to be ON, L for it OFF, The value of CR30[3] comes out 

on the pm. If CR30[3] =0, CSYNC and NTSC/PAL pms are L. 
In Nordic- 1 M all these signals will come out to the panel pins when a certain configura- 
tion bit IS enabled. 
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Vertical Timing 

Venical Blank and the appropriate CRTC registers are programmed to generate Blank 
which in TV case is the actual Display Enable. 
For NTSC program 9 lines of VBIank. 

For PAL program 7 lines of VBIank. In h/w Nordic will generate 7.5 hnes of 
VBIank m this case by delaying the trailing edge by 0.5 line 

Venical Sync Registers will be programmed for Field Sync generation. 
For NTSC program 3 lines. 

For PAL program 3 lines and get 2.5 lines by delaying the leading edge by 
half line. 

Horizontal Timing 

Two basic pulses are generated: 

- HREFl = Horizontal Reference 1 which is HSYNC stan with 64 dotciocks width 

CR30[1:0] controls the fine skew of this edge by increments of two dot- 
clocks. 

- HREF2 = Horizontal Reference 2 which is a pulse marking the middle of the line 

between two HSYNC stan edges. CR19(7:0] are used to program the stan of 
this pulse. 

CR30[1:0] controls the fine skew of this edge by increments of one dot-clock. 
Note that HREFl and HREF2 skews are in sync: HREF2 skew is half HREFl skew. 
Horizontal Total is 858 dot-clocks at 13.5MHz for NTSC and 864 dot-clocks at 13 5MH2 
for PAL. 

Composite SYNC Logi c Equation is: 

CSYNC = [(HREFl + HREF2) & VS] tngg368dclk-pls + -> Field Svnc (serration) 
[(HREFl + HREF2) VS*&VB] trigg32dclk-pls + -> Equalization 
[HREFl & VB*] trigg64dclk-pls -> standard sync dunng displav time 
Where: VS is Vertical Sync programmed time 
VB is Vertical Blank programmed time 
* is a logic negation 

trig32dclk-pls means: on the rising edge of this signal generate a 32 dot-clocks 
wide pulse. 

There are four ways to connect the video encoders and the CRT. We are now in the pro- 
cess of deciding which one is the best: 

1. The simplest way to connect the TV decoder is to assume that the CRT 
Monitor should not be hooked to the notebook computer at the time the TV is. In this case 
we can put a high resistance voltage divider (2K0hm) to get the required 0.7V or l.OV 
full swing to the decoder The 2K0hm voltage divider will not pracucally affect the 50 
Ohm resistance on the CRT, when the CRT is hooked on. The disadvantage of this method 
is that It requires a CRT to be disconnected from the note-book computer when connecting 
a TV. The TV encoders get RGB input through an AC connection (a capacitor) so the DC 
source may be a high resistance. 
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The advantage is that it is simple and low cost. 

2. There are no buffers or other resistors than usual. We control the RSET resis- 
tor value on the LM334 current source depending on the presence of the CRT Monitor 
hook-up or not. If the CRT Monitor is not hooked-up. we adjust IRef so that DAC-s tuil 
swing output voltage is 0.7V (or l.OV) with a 150 Ohm load. If the CRT Monitor is 
detected to be hooked up, RSet will be left as it is now. The adjustment is done automati- 
cally with a transistor. This approach requires a programmable output ( from Nordic or 
Core Logic) to control RSet value. The detection of the CRT Monitor presence is done bv 
s/w the standard VGA way. 

3. Put 50 Ohm load on the DAC output and feed it to the TV encoder and to an 
Analog Voltage Repeater that drives the CRT Monitor RGB lines. This way DAC output 
IS always 0.7V full swing independent if the CRT Monitor is hooked to the notebook or 
not. 

This approach works for AD720 but not for MCI 377 which requires IV full swing. 
With this approach the presence of the CRT monitor cannot be detected VGA style 
(incompatibility issue ?). 

4. Leave the CRT path unchanged, except for a low resistor shunt added in ' 
scries.Conven the constant current delivered by the DAC into voltage that is amplified to 
NTSC/PAL level depending on the type of encoder used. Requires fast operational ampli- 
fiers on each gun, but allows operation with or without CRT connected and color com- 
pare. 

This looks to be the best scheme but it is also the most expensive. The op-amp can be used 
also as a filter to limit the spectrum and avoid cross talk in color modulators. 



Note: According to Fong-Jim Nordic DAC has some oprtational limitations: at 5V 
DACVDD, if the load is 150 Ohm and the DAC input is all ones (FFH) the output will be 
indeed 2, 1 V as expected. 

If the load decreases (to more than 150 Ohm) , the output voltage will be increasing up to 
2.7 V. At that point it will stop increasmg: the DAC will be out of its operational range 
This IS OK for what we are trying to do with TV-OUT. 

At 3.3V though, according to Fong-Jim the DAC output will follow the load only up to 
about 1 . 1 V. This would require a 50 Ohm load at all times. With a 50 Ohm load the max- 
imum DAC voltage at both 5 and 3.3V is 0.7V, within the operauon range. 
The question is: how to add a 75 Ohm load when there is no CRT in thert? 

I see rwo simple solutions: either use TV-OUT at 5V DACVDD (switch CVDD and 
DACVDD to 5V for TV-OUT) or make an external connector similar to a CRT connector 
that one plugs into the back of the notebook when the CRT is not in use. This connector 
should have 75 Ohm resistors to GND on RGB lines. 
There may be other solutions too... everyone is invited think. 
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Three possible wavs to connect an Anal og PAL/NTSC TV Encoder to DAC outpur 



R.GorB DAC output 

Lh-1 



150 
Ohm 



X 



2. IV max 
with CRT 
disconnected 




CRT Monitor 



i 

CRT Connector 



0.7KOhm 



150 
Ohm 



<> 



75 
OhmY 




CRT Monitor 



Automatically Adjust IRef to get 0.7 V max 
if CRT not connected and 0.7V max if 
CRT is connected. 



TV 
■ - Encoder 
AD720 



CRT Monitor 



3. 



0.7V max 



50 

Ohm 



1 



0.7V max CRT Connector 



Analog Repeater 




TV 
Encoder 
AD720 
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4. 



DAC 




0:14niA, 



[REF=6.67niAmp 

10 Ohm" 



Av=R2/Rl 

R3 parallel R4= 
=R1 parallel R2 




10 TV 



This scheme converts 
current from the DAC 
seen as a current 
source to a proponional 
voltage. This way it does 
not matter if the CRT is 
connected or not. 
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4.10 HAV ICON Support for Nordic-IM 

Nordic- IM will support a h/w icon with the following features: 

- Up to 4 64x64 Icons displayed at the same time as a verucal bar. 

- All Icons move together and they are inedex by 64 scan lines. 
The Icon scan reference point is top left comer. 

- Horizontal Resolution is one pixel programed coarse as character clocks and fine 
as pixels exactly as a h/w cursor. 

- Vertical Resolution is one scan-line. 

- Each Icon has inependeni display control for 

-icon number i enable for display (i=0:3) 

- display mode: 3coIors + transpency or 4 colors 

- blink enable at text cursor rate (or half of it) 

- horizontal pixel doubhng (extendes towards right) 

- venical seal line doubling (extends down) 

- mamory map selection: two maps available per icon 

- H/W Cursor goes on top of H/W Icon 

- Icon memory model is and phisicaJ address space are very similar to h/w cursor, 
Acoially the icon resides in memory in h/w cursor area: Nordic supports half the number 

of h/w cursor maps 5428 does and uses the remaining space for icon maps. Eight 64x64 
icon maps are supponed: two for each icon we can display. Icon memory map assignment 
is fix. 



HAV Icon S/W Model 



Icon position will change at set mode if it is not compensated. BIOS should service the 
icon so that u keeps the position stable m all graphics modes: read current position and 
translate m the same position in the new graphics mode. The BIOS should have a call to 
set-up the h/w icon position and another call to control which icon is displayed and how 

What we need; 

a. Horizontal Start Position in character clocks and pixels 
Will be programmed exactly as h/w cursor at SR10,30,5070,90.BO,DO.FO. 
(or SR "odd" "zero"). The upper 3 bits of index define the fine (vclk) position. 
SR2A[6] is the fine postion msb to be used with 9 and lOdots fonts.See 542X Reference 

Manual page 9-13, SRIO description. 

Note: 1. If character clock or vclk change (8/9/10 dot cclk or vclk/2) the horizontal 
position should be adjusted. 

2. As with h/w cursor the horizontal and venical position of the icon are synchro- 
nized: s/w writes the horizontal position first, but the new position effect takes place only 
after vertical position was updated. 

Cirrus Confidential qj^ I52K« 

b Vertical Start Position in scan lines. Information 
Will be programmed exactly as h/w cursor at SR 1 1 ,3 L5 K7 U9 13 UD UF 1. 
(or SR "odd" "one"). The upper three bus of index define the low order three bits 
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of position in scan lines. See 542X Reference Manual page 9-14. SRIO descnption. 
How will Nordic icnow lo program icon or cursor? 

One bit will tell if icon is programmed instead of cursor As the icon position is pro- 
grammed seldom, this mechanism does not affect performance while saving address 
decode h/w. 

c. Enabling icon position modification by CPU is done in the same reeisier h/w cursor is 
enabled: SR12. 

SR12[3] Enable CPU access for Icon Position Modification 
(default:0 = disable use the same I/O address for cursor position modification;. 
This bit affects both honzontal and vertical position. 

d. Icon and h/w cursor memory map selection: 

5428 uses SR13[5:0] for 32x32 h/w cursor memory map selection (64 maps) and 
SR13[5:2] for 64x64 h/w cursor memory map selection (16 maps). 

In Nordic, SR13[4:0] stiU select h/w cursor memory map, but the memory address bit 
which m 5428 is controlled by SR 1 3 [5] is no longer controlled by SR 1 3 [5] . It is controlled 
by an„ internal signal whose value is always 0 when a h/w cursor is addressed and 1 when 
icon is addressed. So in Nordic SR13[5] is no longer used to select a h/w cursor map. 
Only half of the 5428 h/w cursor memory is available for Nordic h/w cursor memory map. 
In Nordic there are 32 32x32 and 8 64x64 h/w cursor memory maps available. 

The icon address is generated exactly as the h/w cursor address, but the source of the 
address map selecuon is no longer SRI3[5:0] (it cannot be as SRi3 is used for h/w cur- 
sor). SR13[5] is also noy used. To generate icon mamory map select, a two bit counter 
counts the first, second, third and fourth set of 64 scan lines on the Vertical Total Line 
Counter (the one not affected by vertical expansion). This two bit counter output, called 
the Icon Index Counter (ICIXCTR) will replace SR13[4:3] in Icon Memory Map Address 
generation, 

A signal called ICON-MAP will be generated dunng Icon addressing. This signal is I if an 
icon data is to be fetched from memory and 0 otherwise (including when h/w cursor data 
IS to be fetched from memory). 

ICON-MAP signal wiU replace SR13[5] in both h/w cursor and icon memory map selec- 
tion address. 

One register bit in each icon control field will select the first or second memory map for 
each icon to be retrived from memory. This bit called Icon Memory Map (IMM) will 
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replace SRI 3(2] in icon memory map generation. 



5428 64x64 h/w cursor address ^R13fS:21 part: 

b5 b4 b3 b2 

Nordic 64x64 h/w cursor address. R13[S:2] part: T 
ICON-MAP=0 b4 b3 b2 

i i t , 

Nordic 4x64x64 icon address , replacement for R13[5:2] part: T 

IC0N-MAP=1 ICKCTRd] ICIXCTR[0] IMMi 

where ICIXCTRflrOl is the Icon Index Counter 

IMM is the Icon Memorv Mao bit in each icon control register 
ICON-MAP is a signal that is high for icon address and low otherwise 



e. Icons Control Registers 

Each Icon has a field of bits attached to it ' 

0.- icon 1 enable for display (i=0:3) 

1 display mode: 3colors + transpency or 4 colors 

2. - blink enable at text cursor rate (or half of it) 

3. - horizontal pixel doubling (extcndcs towards right) 

4. - vertical seal line doubling (extends down) 

5. - mamory map selection: two maps available per icon 

Six bits per icon, all defaulting to zero. The icon enable bits select which icon is displaved 
Start at SR2A register. ' 
Use SR2A»2B^C^D[5:0] for Icon 0,U2,3 control. 

If an icon is not enabled, do not generate the memory cycles for its data... if u is not difficult to do. 
and do not display that icon. 

f. SR2A[7] is Icon Test bit Normally It is zero, only in test mode it will be 1. 

g. The colors for the Icon are in the 16 location RAM extension at location 258. 
See SR12 description in 5428 Technical Reference Manual. 

Locations 256 and 257 art accessible with pixel address 0 and F for h/w cursor access. 
Locations 259. 260, 261 and 262 are accessible with pixel addirss 3,4,5,6 as icon colors 
0,1.2 and 3. 

When three colors plus transparent attribute is used, the pixel addresses will be 4,5,6, for colors 
1.2,3 (so pixel address 3 and color 0 of the 16 location special RAM are not used). 

h. SR2A[6] is the most significant bit of fine horizontal position for the h/w icon* 

SR2AI6] SRX[7] SRX[6] SRX[5] -> bit3 bit2 bltl bitO 
Please note that SR2A(6) will be used only m 9 or 10 dots text when the fine position is 8 or 9. 
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1. Please note thai when character clock is expanded to 10 dots, h/w cursor also needs to 
be positioned at 8 or 9, so it needs one more bit of fine posmon. 

SR2E[0] will be the msb of h/w cursor (default zero) to be used in this case. 

HAV Activity for Icon 

1 Horizontal and Vertical Window 

2. Address Generation including the independent scan-lme counter for Icon 

3. Memory cycle generauon (at the end of line, after h/w cursor if icon and cursor are on 

the same line) 

4. Icon Latch. Serializer and Data Path includmg icon blink 

5. Honzontal and Vertical Doubling 



hot 
pomi 




T 



Ico 



= Icon reference 
point 



Ico 



Icl 



Icl 



Ic2 



Ic2 - doubled 



Ic3 



Ic3 
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Icon Data Path Block Diagram 




Video Data 
to DAC and Panel 



411 Dithering m Nordic 

Due to new pixel depth modes and for increased flexibility the dither block in Nor- 
dic is diferemt than Tl . 

In Nordic the dithering is subtractive, (not additive like in Tl). This moves the 
dither error (= double shade) to black where it is less obvious than it was before 
(when it was white). 

CR4C - Input Resolution Override Register for Dithering 
Bit Definition 

[7] Enable Input Resolution Override (default disable) 

Normally the graphics mode resolution is decoded and fed to the 
dither block. 

For all graphics modes that go through the RAMDAC RAM - 6bits/ 
gun Is automatically the input resolution. For 5:5:5 RGB or 5:6 5 
RGB or 8:8:8 RGB we use 
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a dtferent input resolution: 5 for 5:5:5 and 5:6.5 and 8 for 8:8:8 RGB. 
In alt cases the proper input resolution is automatically selected 
If there is a need to ovende th(s value, than we wiill use this bit to enable the 
override and wnte the new value m bits 3:0. For 8 bit per gun we wnte 8 ( ^ 000). 
for 6 bits per gun •> 6 (0110) and for 5 bits per gun -> 5 (0101). 
[6:4] Reserved 

[3:0] The binary value of the override input resolution. 

1 000 -> 8bit/gun 
0110 -> 6bit/gun 
0101 •> 5bit/gun 

CR40 * Output Resolution Register for Dithering 

Bit Definition 

[7:4] Reserved 

[3:0] The binary value of the output resolution for dithering 

1000->8biVgun (TFT) 

0110->6bit/gun (TFT) 

0100 •> 4bit/gun (TFT or 16 shades STN) 

001 1 •> 3bit/gun (TFT or 8 shades STN) 

0010->2bit/gun (4 shades STN) 

0001 •> 1 bit/gun (2 shades STN) 
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R.G,B,M 



lEn 



IRes Reg 



DEN 



18 

[6 
15 

3 



I ENC 



ST N/TFT 



QRes Reg 



IRES[3:0] 

ORES[3:0] 

DC! 

PC[2:0) LC[2:0 





BLAKn 



►C[2:0) LC[2:0| 

ffr 

I I DCLK 



PC[2:0) 



PLine(2:01 



msb 



8 TFT 
/ R.G.B 



M 
a 
s 
k 



T 



|4 


s 

h 




a 


(3 0 


d 
e 




r 



TFT: 8,6.4,3 bits/gun 

STN: 4,3,2,1 bus/shade (16+1,8+1,4+1,2+1 shades, +1 = force black) 



Nordic Dithering 
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4.12 Core-VDD Control 

Because Nordic can run higher frequency memory-clock at higher Core VDD (5V) but it 
offers maximum power savings at low Core VDD {3.3V), we look for a mechanism to 
dmamically switch at set-mode or when going mto suspend from 5V to 3.3 V and vice- 
versa. 

This would allow for instance to run 24bpp 640x480 mode at 5V CVDD while switching 
back to 3.3V when going into suspend mode or when switching to a 4 or 8bpp mode 
Ail Nordic needs to do m this case is supply a programable output to be used to switch an 
external circuit. 




1 Ohm (optional swtching protecuon) 



Si9942DY 
Siliconix 



PRO 

=0V -> 5Vout 
=5V -> 3.3V out 



to CVDD 
of the chip 



lOOnF 



GND 



SEL3.3VI = Suspend + Reg-Bit 

Use PAL/NTSC pin and CR30(2] as power control pm,when TV -OUT 
capability is not ever used m the system. 

Use PRO pin and CR30(7] as power control pin. when TV-OUT is used. 



The value wrinen in CR30t2] always reflects on the NTSC/PAL pm which thus can be usd 
as a generic programable output. 

In a system without TV-OUT capability, NTSC/PAL bit and its output pin can be used to 
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control when CVDD is 5V or 3.3V This way. in most modes the chip may be optimesed 
for power runmng at a lower mclk frequency, while in certain modes it will be optimised 
for performance, running at 5V CVDD and a high frequency mclk (higher than what can 
be run at 3.3V). Because NTSC/PAL pin is tied lo CRTVDD which is 5 V m most systems, 
this bit IS the first choice for the CVDD switching function. 



5.0 Nordic- IM Pinout Specification 
208 pin paclcage: 

System Interface (reference is VESA VL bush 74 
(on BVDD) 

DAT31:0 

HIMEM0/ADR[24] (normally used as ADR[24], but it can be used as any upper address 
or any logic combination of upper addresses. The valid value of this pin for 
Nordic address space is programablc in VESA VL and PCI bus. 
HIMEM1/ADR(25] (normally used as ADR[25], but it can be used as ADR31 and leave 

2GB of upper address space reserved for MPEG/JPEG boards). The valid value 
of this pin for Nordic address space is programable in VESA VL and PCI bus. 
With these two pins. Nordic can directly decode up to 64MB of CPU address soace 
in VESA VL bus. ^ 
ADR[23:2] 

BE3n,BE2n,BEln,BE0n 
LADSnXDEVn,RDYn 
M/IOn. W/Rn 
RESETn. LCLK 
RDYRTNn. 

EBROMn/SLEEPIn (Enable BIOS ROM Buffers on all busses or when not m ISA 

or SLEEP Input active L. If this pin is L, the chip goes in sleep mode as if 3c3[01 
IS 0 or 46E8{3I »s 0. The ISAPU read-back register bit configures the pm for 

EBROMn. If not in ISA bus. this pin is configured as SLEEPIn and it should be 
tied H if not used. 

INTR, CLK32K, OSCTXVCLK (14.3 18MHz or External VCLK) 
SUSPI/BLL SBYI/ACn/FCEVIDEOn 

(32KHz clock input, 

Supend Input/ Back-Light Input 

Stand-by Input/ Activity InputA^AFC External Video Control Input - controlls the 
direcaon of FCP[7:0]. Pin configuration controlled by VAFCPU. Most systems 
will ^ 

use only one direction for VIDEO, probably video in, so the fact the FCEVIDEO is 
on BVDD should not require voltage translation). 
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Configurations: - VL/PCI/ISA bus. support/not BIOS, 8/16bu BIOS. 

' Need a register bit to select SUSPEND Input or Back-Light Input 
Default iS SUSPEND Input. 

- Need a register bit to select Stand-By Input or Activity Input. Default is 
Stand-By Input. 

- SUSPIn, BLIn, SBYIn, ACTIn are level triggered, active L inputs. 
In Nordic there is no Suspend pin polarity bit as in Tl (SR8{4]) 

Note : a.In PCI bus. Alpine used ADR17;2 as BIOSAi5:0. We assume that all ponable 
systems will use a motherboard video BIOS and do not support an adapter BIOS in 
PCI. We do suppon an adapter BIOS in VESA VL bus and ISA to facilitate demo 
board design. 

b. EBROMn is active on ail bus types: m ISA is generated on Address Decode and 
MEMRn, while in VL and PCI is unlatched address decode. In PCI bus the BIOS should 
be relocatable, an option we do not support. Thai is why we say that we do not support 
BIOS in PCI. We do support lOCHRDYn and RDYn/TRDYn for BIOS accesses too. All 
this logic should already be in 5428 (ISA and VL) and Alpine (PCI), 

c. The 5428 Feature Connector pms are available in all buses. A register bit enables 
them early in the logic to save power when not m use. 

d. In ISA RESETn has to be inverted outside the chip. 



Svstem/Bus Interface Signal Mapping 

(See 54xx Reference Manual for Feature Connector Pins Descnption: FCyyyy) 
TABLE S. VESA.VL <-> PCI bus <-> ISA bus Pin Mapping 



VESA-VL 


Intet-PCI 


ISA 


HLMEM 






ADR23:16 




LA23-16 


ADR15;9 




SAI5-9 


ADR8 


PAR 


SA8 


ADR7 


STOPn 


SA7 


ADR6:2 




SA6:2 


BE3n 


C/BEn3 


SAl 


BE2n 


C/BEn2 


SAO 


BEln 


C/BEnl 


SBHEn 


BEOn 


C/BEnO 


RFRSHn 


DAT31:22 


AD31:22 




DAT21:19 


AD2l:19 




DAT! 8 


AD18 


MWRn 


DAT] 7 


ADI7 


IOCS16n 


DAT 16 


AD16 


IRQ 


DAT15:0 


AD!5:0 


SD15:0 
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TABLE 5. VESA-VL <•> PCI bus <*> ISA bus Pin Mapping 



VESA-VL 


Intel-PCI 


ISA 


RESET 


RESET 


RESETDRV 


LADSn 


FRAMEn 


BALE 


LDEVn 


DEVSELn 


MCSl6n 


RDYRTNn 


IRDYn 


AEN 


W/Rn 


IDSELn 


lORn 


M/lOn 




MRDn 


LCLK 


CLK 


lOWn 


RDYn 


TRDYn 


lOCHRDY 


EBROMnA^ADRji 


VADRn 


EROMnA^ADRn 


INTR 


INTK 


ZEROn 



Notes: 1.SW2, SWO/MCLK/XMCLK and SWl pins are 

normally used by the BIOS as panel type switches readable on SR24[2:0]. 

2. XMCLK and XVCLK (on OSC/XVCLK) are needed for manufactunng test of 
the chip. When they are used, SR24[l:0] will wiggle at clock rate and they should 

be masked on the tester. 

3. MCLK and VCLK are needed for manufacturing test of the clock synthesizer 
and for chip debug. 

DRAM Interface (for assvmgtric. dual WEn 256Kx l6 DRAM>s): gfi 
(on DVDD) 

MA9:0 
MD31:0 

RASOn,RASln,CASn/WEn. OEn 
WE0n/CAS0n,WEln/CASln,WE2n/CAS2n.WE3n/CAS3n 

Configurations: symetricyassymetric DRAM, dual WEn/CASn 

Note: a) For dual CASn DRAMs, the WE0n:WE3n pins become CAS0n:CAS3n, while 
CASn becomes WEn. 
b) Two RAS-cs are used for two banks. 
, c) OEn is not actually needed as we use early write. 

Clock Synthesizers: ^ 

(MAVDD. MAVSS feed mclk clock synthesizer. VAVDD, VAVSS feed dclk clock syn- 
thesizer) 
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MAVSS. VAVSS, MAVDD, VaVDD. 
MHLTER, VFILTER 

(Can we design a clock synihcsizcr without an external filter?) 

CRT & TV*OUT Interface and RAMDAC related Dins: y 
(DA VDD, DAVSS feed all RAMDAC custom layout) 

R.G3 (analog) 

IRef, DCVDDL DCVDD2, DCVSSl, DCVSS2 



On CRTVDD: 

HSYNC . VSYNC TO (these two pins are on CRTVDD ) 
CS YNC 0 (Composit Sync to be used with any analog TV Encoders like AD720. 
CSYNC IS acuvaied by SR25{4]sU otherwise is forced 0.) 

NTSOPAL O 

( A programable output that can be used to control a TV Encoder input chat 
'selects the TV standard. This pin is a generic programable output. 
Its value is not affected by SR25[4].) 

On FPVDD: 

TVON/RES 0 (Generic Programable Output controlled by CR30[3] . 

It can be used to control AD720 TV Encoder Power Conu-ol Pin.) 
TVON is on FPVDD (not on CRTVDD like the other TV-OUT pms) 
This pin is also reserved for future use (DRAM-s). 

Note: If TV-OUT feature is disabled CSYNC, NTSC/FAL and TVON arc forced L 
(to avoid powenng up the TV Encoder in case it is powered off when not 
m use). 



FLAT PANEL and Power Management Interface (on FPVDD>= 21 

R7/SUD3, R6/SUD2, R5/SUDh R4/SUD0, R3/SUD7. R2/SUD6, Rl/FCP[3]. 
R0/FCP[2], 

G7/SLD7/sud3/UD3m)7, G6/SLD6/sud2/UD2/rD6, G5/SLD5/sudl/UDinT)5, 
G4/SLD4/sud0AJD0m>4. G3/SUD5. G2/SUD4, Gl/SUSPSTn/FCP[l], 
GO/SB YSTn/FCP[0] 



B7/SLD3/sld3/LD3/TD3, B6/SLD2/sld2/LD2m)2, B5/SLDl/sldl/LDiyTDl. 
B4/SLDO/sldO/LDOyTDO. B3/M0D, B2, Bl/OVRW, BO/FCVLK 

(use slow edge pads and stagger them modulo 4) 
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FPVDCLK, LLCLK. LFS. FPDE. (use slow edge output pads) 
FPVCC. FPBU FPVEE 

Notes; 

b. R1:0, G71:0. B1:0 (24 bit TFT panel extra video data out pins) 

c. We need also bitsforSUSPSTandSTANDBYST, PANEL^ON/OFF, PANEL^ 
IN'POWER'UP-or^DOWN. Dwarka, do we have this now ? 

d. We assume that only STN panels need external MOD. 

e. No NPD pm. 

f. FCP[3:0] pins are I/O-s whose direction is controlled by FCEVE)EOn m 
VAFC configuration. FCVCLK is the clock that clocks them in and which should' 

be used to clock them while they are displayed or at least to resynchronize them before 
being latched on the internal clock. FCVCLK is always an input when in VAFC configu- 
raaon. 



Nordic TFT Panel Dau Pin Name versus the actual TFT Panel Dau Signal for difcrent types of TFT Panels 



Nordic Pin Name*> 
/Panel Type 


1 RGB7 


RGB6 


RGBS 


RGB4 


RGB3 


RGB2 


RGBl 


RGBO 


8bic/gun 


RGB7 


RGB6 


RGBS 


RGB3 


RGB2 


RGBl 


RGBO 


RGBO 


6bit/gun 


1 RGBS 


RGB4 


RGB3 


RGB2 


RGBl 


RGBO 


N.U. 


N.U. 


4bit/gun 


1 RGB3 


RGB2 


RGBl 


RGBO 


N.U. 


N.U. 


N.U. 


N.U. 


3bit/gun 


1 RGB2 


RGBl 


RGBO 


N.U. 


N.U. 


N.U. 


N.U. 


N.U. 



Where N.U. = Not Used for Panel Data with this type of panel. 



AuJlu PuiUuii AD^DD^. ± Removed on 12/24/93 

GDO (SCiial Dau Ouipui lu CODCC pin QDD^) 
5DI (Guial Data lupui fiuiii CuUut piu 5D0UT) 
r5\^iC (riaujL G^iit Ouipui) 
SDCLK (OuiiJ Duu Cluck L'O ) 

D/Ciu^AUJCSl (DuuuCuimul QcLli Ouipui ui C5 4 23\5 Cliip DLlcti fui iIil ISA buA) 
rD? < (Pu w u Du w iA Ouipui) 

? < uiu. TUuit piui Lau bu uiud aj tAitnsiuiiA fui 2 4 bit TTT paiiuh, iii wIulIi cuit iliu tliip 
diJtJ imi suppuit Oil audiu puii. Nute ab o thai CS 4 21J liiaj RmUi pin. 

Following nms on VfVpp- 
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SW2/RES4CS I ( Switch #2 or reserved for SDRAM support m the future ) 
SW1/RES4CKE I ( Switch #1 or reserved for SDRAM suppon in the future) 

SWO/MCLK/XMCLK VO with PD controlled by XReset 

(Switch #1 or mcik driver buffered output for lesing and debug 

or external mclk for testing; a special register bit disables this 
output in normal operation for power savings. 
Default: Input on which either SW2 or XMCLK comes m. 
Only if the special register bit 

is set, this input becomes output and outputs MCLK from the clock 

synthesizer for testing. 
The special register bit defaults 0 = the pin is 
configured as Input. Please note that a h/w configuration PU/PD 
controlis if the actual internal mclk comes from an internal or 
external source, but this PU/PD does not control if 
SW2/MCLK/XMCLK is an input or an output.) 



RES4PMS Free Pin with no buffer on it. 



Following Pins on PVDD: 



TRWn I (Test Latch Load Enable, active L - for pinscan & test mode) 

VCLK/FCDCLK I/O (Switch #0 Input or vclk driver buffered output for " 

testing and debug, or VAFC Dot-Clock Out ; 
Default for this pin is Input on which SW#0 is applied. 
VCLK and FCDCLK is die same signal, the name is 
diferent to ease reference to VAFC spec ) 
FCP[7:4] I/O Feature Connector Data Pins bits 7 to 4. 

The other Feature Connector pms are shared with some 
panel or host bus pins. 
FCESYNCn/RES4SDCLK I 5428 Feature Connector ESYNCn pin - controUs the 

direction of FCBLANKn and its effect and tn-states HS YNC and VSYNC. 
FCBLANKn I/O Feature Connector acuve low bidirecuonal Blank signal. Its 
direcaon is conu-olled by FCESYNCn. 



Digital. Mixed Voltage Power Pin^: 22 

BVDDl, BVDD2, FPVDDl, FPVDD2, MVDDl, MVDD2, CRTVDD, 

CVDDI:4, 

VSS1:11 

Total Pins Used: 208 (with two Reserved pins and three other pins that could be freed.). 
Pinout Modifications in rev. 3.8 relative to rev. 3.7 09/11/93 
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1. Took-out Whisper Support Pins: WWRn, WRdn. WAD[3:0], FPCn. 

2. Reduced the number of CPU Address Pins; ADR(24:27] wem-away Use HIMEM co 
place the chip outside 16MB of memory for linear addresmg. 

3. Killed CRTVDD and placed CRT Interface on Host Bus VDD. 

4. Introduced VAFC pms in a unique pmout configuration in both VESA VL and PCI. 
Added VAFCPU a pulJ-up to enable VAFC (VESA Advanced Feature Connector) 
ADR[27:24] VAFC pins, and R[7:4], G[7:61 , EROMnA^ADRn, SUSPI/BLI, SBYV 

ACTI get a configurauon for VAFC -> total 14 pins. 

SWO/VCLK will be used as VAFC VCLK, losing SWO pin as panel type when VAFCPU 
is used. 

In PCI bus, no ADR pin will be shared with VAFC. 

ASWOPU (Alternate Switch 0) will be added on MD pins to replace SWO pm when 
VAFC is enabled by VAFCPU. ASWOPU will read-back in the same register bit as SWO. 
so the BIOS will not feel any modification in the reporting scheme. The chip will draw 
more power in suspend with VAFC. 

5. Moved SW2, SWl/MCLK/XMCLK the two reserved pins (one obtained by killing 
CRTVDD)and TRWn on MVDD to prepare for SDRAM pin compaubie option in the 
next Nordic that supports SDRAMs. Marked them as "reserved for SDRAM pin name". 
It looks that TRWn will not be needed, but it was moved on MVDD so that in case it is 
needed, it is available (in this case we'll need an extra switch for SDRAM suppon or at 
least to disable TRWn test mode effect). 

6. Rearanged VAFC pins as pins R4 and R5 were used by VAFC - an error. 

Pinout Modifications done on 01/06/94 rev. 3.0 

1 Update Panel Data Ptns based on Robin's Table. 

2 Move MOD pin on a Panel Data Pin used in I8bn TFT. 

3. Move OVRW on a 24bit Panel Dau Ptn. 

4. Removed pin configurauon for TV-OUT support with digital encoders. All pms marked TV... 
were removed. As a result some pins like LLCLK, LPS, FPDE, FPVDCLK have one function now 

5. Removed WavePort pms» mcludwg AUDVDD: total 7 pms freed. 
AUX2 and TVG muxed on EBROMn are no longer needed either. 

6. Added one more CPU address pm: instead of HIMEM. Nordic has now HIMEMO and 
HIMEM K coffesponding to CPU Address 24 and 25 or any other exicmai decode of the high 
order CPU address bits. In the proccess of adding this pin, most CPU Interface pins on the 
nght side were moved to the nghi by one pin. 

7 Added CRTVDD supplying HSYNC, VSYNC, CS YNC, NTSC/PAL CRT and TV Interfaces 
output buffers. 

8. EBROMn is shared with TVON, the power-on signal for AD720. So. in ISA bus widi on chip 

BIOS suppon, AD720 power on cannot be direaly controlled by Nordic. 
9 Added pms for Analog TV Encoder suppon - AD720 and MCI 377 : 
a. CSYNC = Composii Sync signal 

b NTSC/PAL = 0 > NTSC i.> PAL Cirrus ConfidentiaJ CL 152672 
- Business Information 
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c. EBROMn/rVON (see #8) 

10. ASWOPU "Aiicrnaic Switch 0 Pull-Up" pull-up on pm 155 MD[26) *as removed, as SWO 
ts now not multiplexed. 

1 1 . Demiltiplexed some of the pins previously multiplexed; 

a. Pin 168 TWRn/RES4PMS is now RES4PMS. a pin reserved for synchronous 
ORAM support. . 

b. SUSPI/BLI/FCBLANKn is now SUSPI/BLI. not affected by the 
Feature Connector Enable Configurauon 

c. As a consequence of b. pin 97 is FCBLANKn (not muxed with anything; 
Please note that FCEVIDEOn is stitl muxed with SBYI/ACTI as before, as 
Standby Input and Keyborard Activity are less imponant funcuons in a system. 

d. SWO IS no longer muxed on VCLK/FCDCLK. So VLK/FCDCLK is a pm 

but It moved to pin 103 in the PVDD area, to be consistent with FC power supply 
12 SWl. muxed on MCLK/XMCLK (pinl97) became SWO. This is just a name change to have 

the switches placed in a more consistent manner. 
13. SW] IS now muxed with a reserved ptn: RES4CKE. pin 148. which before was totally 
reserved. The idea here is to go for pu/pd with SDRAM-s for SW2 and SWK while keeping 
SWO on MCLK even with SDRAM-s. 
14 Pm 147 is Reserved. It ts actually one of the WavePon pins, but placed in-between Memory and Panel 
VDD busses (on MVDD) for maximum flexibility. To acheive this, the pins on its nght were moved to the 
nghi by one 

FPVEE <BIAS> moved down to pm 98 (it was 105). 

15. TRWn IS now by itself on pin 96. on FPVDD. 

1 6. The names of all flat panel dau pins reflect the panel type table attached to this document. 



Configuring Nordic^lM 

If Terminator used specially assigned pins to configure the chip, Nordic-IM wiU use 
some of the MD31:0 pins sampled on the Reset trailing edge, similar to Mustang. 
The pad cells will have an active pull-down controlled by an extended Reset signal. 
The pull-down resistcncc will be about 75KOhm. An external pull-up less than 60KOhm 
is needed only if the option is used. In Suspend, the MD pads are inputs and the DRAM 
OEn IS H so no DC current is drawn by the configurauon h/w. An external resistor is 
needed only if the configuration pin has to be H at Reset. H/W configurauon can be read 
via s/w too. 

All h/w configuration latches are read accessible via I/O. The h/w configuration is 
latched on Reset trainling edge, (these latches were r/w, with s/w PU read, having 
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only read is enough). 

We'll define the configuration pins to minimize the number of external resistors: 



CPU Bus Configuration: 

On MD18: 16 & -> no external PU = 32bits VESA VL bus at 33MH2 or less bus clock 
&MD23 ->MD16PU = 32bits PCI bus with Burst PU called "PCTPU- 
-> MD 1 7 PU =1 6biis ISA bus PU called "ISAPU" 

ISAPU controls also the pm EBROMn/SLEEPIn 
In ISA bus this pin is EBROMn output; otherwise it 
is SLEEPIn input to be tied H if not needed. 
-> MD18PU 32BIT VESA VL BUS AT 50MHZ BUS CLOCK 

PU called "FVLPU 
-> MD23 PU = 32bits PCI bus no Burst PU called TCINBPU" 
This is a reserved configuration in case burst does 
not work on a PQ bus. 



Reads-back in SR22: 



PCIPU onMD16 ->SR22[0] 
ISAPU on MD17 ->SR22[1] 
FVLPU onMDI8-> SR22[2] 
PCINBPU on MD23 -> SR22(7] 



Clock Configuration: 



OnMD19 (reads back on SR22(3]) 

-> no external PU = internal MCLK and VCLK clocks, from the internal clock 
synthesizer 

-> MD19 PU = use external clocks from SWl/MCLK/XMCLK and 
OSC/XVCLK 

This PU is used for manufacturing test 

One reg. bit is needed if internal clock is selected to control outputing mcik on the 
MCLK/XMCLK pin = 1 if use internal clock then output it on SWO/MCLK/XMCLK 
pin. -> SR23[0] is this bit. 



Memory Configuration: SRF[0] 

Nq Pins, Use Two Register Bits 2CAS/2WE bit=H 2WE, bit=L 2CAS (default =L) 

-> Symetnc/Asymetnc bit=H Asym., bit=L Sym. 
(default=L) 

BIOS Support: (reads-back on SR22[6] forBIOSSPU) Cirrus ConfidentiaJ 
Business Information 

Nordic- IM Design Specification >rev.5.1 December 21, 1998 69 

CL 152674 



Cirrus Logic, Inc. Confidenual Information 



Nordic- IM supports 16bii or 8bit BIOS and only m ISA bus configurations 
The BIOS is always supported when in ISA. 

On MD22 -> no extcmai PU = 16bii BIOS 

-> external PU = 8bit BIOS (no MEMCS I6n decode on COOO) 
This option is mostly for debug in case 16 bit BIOS range decode is not fast enough. 
If the BIOS support is disabled, this configuration is don't care. Called "BIQ.SSPT'" 
Please note that Nordic- IM supports COOO BIOS only in ISA. 

In a normal note-book the BIOS is at EOOOrO or C000:0 but it is not supported by Nordic: 
so no external component is needed. 

Sleep Address Selection: 

On MD21: Sleep Address Selection (reads-back on SR22[5]). 

-> No external PU = sleep at 3C3[0] - to be used when Nordic is on the 

Mother-board (most cases) 
-> External PU = sleep at 46E8[3] - to be used when Nordic is an adapter 
(like a PCMCIA card and/or an adapter to turn desktop into an 
envu-onmeni friendly PC) Called: S46PTT 
Note that Nordic-IM comes-up awake. 

^ Feature Connector Configuration; (reads-back on SR24[7]) 

111 On MD25: 

%J ■> No external PU = no Feature Connector Support: outputs used only for FC 

^ are forced L. VO are forced inputs, I/O and inputs are forced on the chip so that they do 

1^ not take power if not connected externally. 

% -> External PU = All pms needed for FC including OVRW are active 

Called: VAFrPTT 



^^^D26. — j ' UiuuiiiL SWO flLlLLiiuu (Rcadj batk uu 3I12 4 [0] whm 5R2»*[7] ii 1) 



ffl Total: 9 HAV PU configuration options. 

In normal operation with FC enabled up to three external PU-s may be needed (bus tvoe 
l13 if not VL and FC). v 

to ^ operation with FC disabled up to one external PU-s may be needed (bus type 

^11 if not VL and FC) 

Summary of PU/PD Configuration Pins and Register Bits where they can be read-back: 

f7:91 HAV Configuration Read Register #1 

Read only register, written on reset training edge by activating PU/PD on MDi pms. The 
PD-s are inside the pads active only during XResct (extended reset). 

Cirrus Confidential 152675 
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[7] 32biis PCI bus no Burst h/w PU configuration on MD23. It is called "PCINBPU " 
(read only bit). 

This IS a reserved configuration in case burst docs not work on a PCI bus. 

[6] Select 8 bit BIOS support (if 1). Otherwise 16 bit BIOS suppon if the BIOS 
suppon is at all enabled. PU on MD22. 



[5] Resereved for Sleep Address Select: reads back S46PU (MD2 1 ). 
1 = I/O address 46E8[3] as sleep address (needs external PU). 
0 = I/O address 03C3[0] as sleep address (no external PU is needed). 

[4] Reserved 

[3] Select external clocks: MCLK and VCLK on SWOMCLK/XMCLK and OSC/ 
XVCLK. (default: internal clock synthesizer, SWO and OSC). 
PUonXCLKPUonMD19. 

0 = internal clocks with the pins used as inputs for panel type switch #1 and OSC. 
If SR23[4] and SR23[0] are h VCLK and SWO/MCLK/XMCLK, 
respectively become VCLK and MCLK outputs respectively, for test purposes 
(only if SR22[3]=0 MCLK can be seen, but VCLK can be seen even if SR22[3]=1 
aslongasSR23[4]=l) 

1= SWO/MCLK/XMCLK and OSC/XVCLK become XMCLK and XVCLK inputs 
generating directly chip MCLK and VCLK without clock synthesizer. The clock 
syndiesizers are powered down if SR22[3]=1. 



[2] Select VESA VL Bus at 50MHz 

1 = VESA VL bus at 50MHz selected (needs external PU on MD18) 
0 = VESA VL bus at 50MHz not selected 



[1] Select ISA Bus with PU on MD 17. 

1 = ISA bus selected (PU on MD17) 

0 = ISA bus not selected (no PU on MD 1 7) 

[0] Select 32bit PQ Bus with PU on MD16. 

1 = 32bit PCI bus selected (PU on MD16) 

0 = 32 bit pa bus not selected (no PU on MD16) Cims Coafidential 

Business Information 
If [1:0] = 00 (Le no external PU on MD17:MD16) 32bit VESA VL bus is selected. 

No more than one PU on MD17:MD16 should be used. 

Note: In AVGA3, CF14 is "Enable Local BUs Address Latching Interface". Alpine docs 
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not have this configuration bit. We need to do what was done in Alpine to get nd of this 
Configuration Pull-up/Pull-Down option. CAN we? WAs this done, Dwarka? 

SR24 Panel Type Switches Register 

[7] VAFCPU (VESA Advanced Feature Connector External Pull-up) Read-back. 
If external pull-up (the bit read-back 1) then all VAFC pins are configured for Video Port. 
Otherwise they have other functions or are disabled if no other function, (Disabled^ the 
inputs are forced = the TTL and CMOST threshold controls are off & the outputs are tn- 
siated. It actually reads back what is latched on Reset on VAFCPU. VAFCPU is on 
MD25. 

[2:0] SW2:0 pins read back (read only bits) PIlasl uuil iliai bit [0] itads batk SWO.if 
VATCrU (SR2f;[2]) 13 0 Aud A5WQPU if VATCPU ii l.AOWOPU a uu NG)2C. 

Configuration Register Bits needed: 

Svmegic/Asvmetric DRAM -> SR8[7] in Tl, CFI3 in AVGA3 

=>SRF[1] 0 = Symetric DRAM Default: 0 
1 = Assymetric DRAM 
This bit is read only in AVGA3 (reads back CF9). but it is wntable m Tl. It con- 
trolls MCLK frequency as an aliemaie to SRIF. We wiU use only SRIF to program 
MCLK frequency in Nordic, The default MCLK frequency will be 39.374MH2, corre- 
sponding to SR1F[5:0] = 18H=22D. This frequency fully meets the spec for -80 256Kxl6 
DRAM-s. 



Two CAS or two WE DRAM pin 72 in Tl, CF12 in AVGA3 

=> SRF[0] 0 = 2 WE DRAM (DefaultrO) 
1 = 2 CAS DRAM 

16 or 32bit wide Video Memory (One or Two 256Kxl6 DRAM-s or SDRAM-s) 
-> not in Tl, SRF[4:3] in AVGA3 (Ol=16bit, 10=:32bit) 

SRF[7,4:3] will be used in Nordic with the same encoding as in AVGA3- 
(1 1 is reserved for 64bit wide). Default: 10 (32bit). Sec Table next page. 
Please note that we have room to add other types of DRAM-s (SDRAM-s 
for instance). 



In AVGA3 SR8[0] is "CS OUt to EEPROM" a feaure Nordic does not Support. 
Nordic will not change the meaning of A VGA3 bits unless they are read only 
(like the pins or external PU read back). 

SR8[2:0] are in Tl the read-back bits for SW2:0 input pms, but AVGA3 uses 
them for EEROM programming so we moved SW2:0 read back to SR24[2:0]. 

In Tl SR8(7] is symmctric/assymetric addressing... in Nordic this is SRF[I]. 

Cirms Confldential i<?A77 
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Two or one Bank 32bit wide DRAM 

->nonnTl,SRF[7.4:3] in AVGA3 (00=8bit. 01 = 16bit, 10=32bit, ll=64bit. 
SRFt?! controls if 2MB of Video memory are available with 4x5 12kx8 -0- or with 4 
256Kxl6 DRAM-s. two banks -1-). It seems that inAVGAS to support 1MB with two 
256Kxl6 dram-s and 32bit wide bus, we select 32bit wide and SRF[7J„. but I do not 
exactly know how this configuranon is selected. 

=> SRF[7,4:3J in Nordic, will select the Video Memory Configuration slightly dif- 
ferently than in AVGA3 and Alpine. See the following table. 



Memory Configuration 

32bit, 2MB=4x5l2Kx8 
16bit, 512KB=lx256Kxl6 
32bit, lMB=2x256Kxl6 (default) 
Reserved (64bit ui Alpme) 
32bit, 2MB=4x256Kxl6, Two Banks 
Reserved 
Reserved 
Reserved 

DRAM Timing select (short RAS or long RAS) 
•> SRF[2] inTl and AVGA3 

SRF[2] in Nordic, default 1 = shon RAS (3.5 L, 2.5H) 

BIO? 4§Kg gr 32KB -> not m Tl; CF8 in AVGA3. In Tl SR8[4] is Suspend pin polarity. 

In Nordic Suspend pin is always active L (0 on pm puts the chip 
in Suspend). 

=>SR23[2] in Nordic =0 32KB BIOS (default=0) C00(X):C7FFF 
= 1 48KB BIOS : COOOOiCCFFF 
The initial BIOS code should be placed in the first 32KB starting at address C(X)(X). 

BIOS ROM TFRp* wait select in ISA and fast timing in VL bus 
-> not in Tl; CFl in AVGA3 

=> SR23[1] in Nordic =0 no ZERO wait state for BIOS in ISA 



SRF[7] SRF[4] SRF[3] 



new 0 


0 


0 


0 


0 


1 


0 


1 


0 


0 


1 


1 


new ? 1 


0 


0 


1 


0 


1 


I 


1 


0 


1 


1 


1 



=1 ZERO wait sute for BIOS in ISA, 8MH2 
bus 

Output internal VCLK on vn V/FCDn.K nin -> not in Tl or AVGA3 

=> SR23[4] in Nordic =0 

VCLK/FCDCLK is an output pin forced L 

=1 either VCLK or 
FCDCLK is outputed on this pin, 
depending on V AFCPU (read back in SR24[7] value). 
If SR24[7]=1 (Feature Connector pins enabled) than FCDCLK is outputed. otherwise, if 
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SR23[4]=1 than VCLK is outputed, VCLK out is needed only for manufacturing test 



Output internal MCLK on SWQ/MCLK/XMCLK pin -> not in T I or A VGA3 

=> SR23[0] =0 this pm is an input namely 
XMCLK if SR22[3]=1 (enable external clocks) and SWO otherwise.' 

si output mclk 

This pin will normally be used as SWO, except for manufatunng test where mclk and 
xmclk functions are needed, 

Suspendl/BLI bit -> not in Tl or A VGA3. 

3=> SR23[5] in Nordic, Oss Suspend pin in Suspcnd/BLI pin (default) 
Is BLI pin on Suspend/BLI pin 

^BY/ACTVFCEViPEOn i?it. ->notinTl orAVGA3 

=> SR23[6] in Nordic, 0= SBY on SBY/ACTI pin (default) 
1 = ACT! on SB Y/ACn pin 
If SR24[7] = 1 (VAFC pins enabled) this pin is FCEVIDEOn independent of SR23[6], 

VAFC Enable bit -> not in Tl or AVGA3. 

(read only bit, actually reflecting the sutus of an external configuration PU: VAFCPU on 
MD25 latched at RESET or under S/W Control) 

=> SR24r7] 0= VAFC Disabled at pms. 

All VAFC dedicated pins 
are disabled to save power: 
inputs are disabled, outputs 
are L. I/0*s are disabled inputs 
(forced H) internally. 
The shared pins arc not m 
Feature Connector 
configuration. 
1-VAFC Enabled at pms. 
If any shared pins, they are now in Feature Connector Configuration. 
All dedicated pins are active in this configuration. 

Compressed Live- Video rSa^haPack) Enable bit *> not in Tl or AVGA3. 

SR24[6] (>= disable (default) cimis Confidential 

^ ~ Business Information 
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1- cjiaLj i t 

.'iuaiuQm^fumiNu.LJiLLuCg.<21^')rjialjlLl..i ■ ..„ ■■ .. .Ti ■■■ aVH a I 

" 5R24[0) 0- duablt (iu ubu y t bui 

^ AO - nro) 

Panel Tvoe Switch Read-back -> SR8f2:0] in T I or SR7[6:4], not in AVGA3 

=> SR24[2:0] in Nordic, read oniy, wriublc on Reset or 
under S/W Control (SR24(3]) 
When SR24(3] whose default is 0, transits from I to 0 
SW2:0 pin value is latched into SR24[2:0 which cannot 
be written by I/O. 

Please usxtt that R9x[l:0] TFT Panel type field of Tl was expanded to support 24bit TFT 
panels: 

00->9bit(333)(asinTl) 
10 -> 12bit(444)(asinTl) 

01 -> 18bit (666) [was xl in Tl covering both 01 and 10 !!] 
1 1 -> 24bit (888) -> new in Nordic 

Notes: 
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0.1 a. If 24bit TFT panel is selected, all related Dins will be confieured for it and it has 
orioritv over panel Dins confieuration settings for cross talk reduction enabled. 

b. MOD is selected onlv with STN oanels. 

c. If 24bil TFT is not selected and VAFC is not selected, then SUSPST is selected 
on 

Gl/SUSPSTn/FCPfll and SBYST is selected on GO/SB YSTn/FCPFOI. 

d. Panel Data unused output pins are forced.O when not in use (depending on panel 
type) 

SR25 Timers S/W Reset, H/W Config. «2 & Packed Modes Register 



[7] The 85 14 A ElAMDAC address is decoded as valid RAMDAC address m addition 

to the standard VGA RAMDAC address. 
[6] Allows use of EBROMn as external 85 14A RAMDAC 

In this case it bahaves like 5428. 
[5] Enable 1 bit/pel packed mode 
[4] Reserved for 2bit/pcl packed mode 
[3] Enable 4bit/pel packed mode 

[2] Configure PCI bus Nordic module for Faster PCI write 
[ I ] Reset Stand-by Timer 
[0] Reset Backlight Timer 



Other Reeister Related Topics 

(See nordic-regs*rev#.lst where # is the latest one) 

BIOS scratch Registers #5 and #6 (2 extra required) (r/w) 
SR28:SR29[7:0] are scratch registers. 

Note that SR9. SRA, SR14 and SRI 5 arc AVGA3 scratch registers which we keep in Nor- 
dic. Also there are 13 18 bit scratch registers in the RAMDAC is SR12[1]=1 . 
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R9x - TFT Panel Dau Fonnat 



[7] Reserved 

[6:4 Select a 0 to 7 shift-clock delay from the internal character clock counter 

(8 VCLK/Characier Clock) to TFT panel HSYNC (LLCLK) signal -> as m Tl . 

[3:2] Panel size select: 

00 -> 640x480 

01 -> 



[1:0] TFT Panel Type: 

00 -> 9bit (333) (asinTl) 
10 -> 12bit (444) (as in Tl) 

01 -> 18bit (666) [was xl in Tl covering both 01 and 10 !!] 
1 1 -> 24bit (888) -> new in Nordic 



Registers that are Moved Relative to Tl 

CRlB[7,43t2} (RIB in schematics): 



[7] Disable Text Cursor Blink in Tl. Do we use this feature in Tl? 

Enable Blank End Extensions in AVGA3 
[4] PCLKO (Panel Clock) no divide by two control in Tl . 

I am not sure this bit is actually needed in Nordic. 
[3] IRQ Every Frame or Every Other Frame ? Is this bit used inTl? 
[2] Not Used at All inTl. 

I think that all these bits are not actually used. Are they needed ? -> Robin. 

CR1C[7:0J & CR1D[7:01 



Are important LCD and Power Management Registers in Tl and Overlay Registers in 
Alpine. These registers are not in AVGA3, but because they are used in Alpine we may 
move them to CR2CI7:0] and CR2D[7.*0], which requires one more CRTC Index Regis- 
ter Bit So: 

CRIC .> CR2C & CRID -> CR2D in Nortiic relative to Tl. cirrus CoofldentiaJ 
SRF[7] Business InformatJoD 

In Tl is CRT Reftcsh Disable. This bit gates /FB/RWC[5] in FB sheet 6. In AVGA3 is 
DRAM Two Bank Configuration select bit. 

I don't think that this bit is used in Tl ? -> Robin. CL 152682 
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SR16 

In Tl is used to control the pads for power and threshold. In AVGA3 ts not used. In 
Alpine is CRT FIFO demand threshold and other things ([4:0] are used). 

Move SRI 6 bits of T I to SR20 to avoid contention with Alpine. Increase SRX Sequencer 
Register Index to 6 bits. 

SRIA 

In T I is used as Test register. In AVGA3 and Alpine is Signature Generator Result Hi. 
Move Tl SRIA bits to SR21 if it is not replaced by a similar register in AVGA3. 



Nordic Revision and Mask Codes 

Nordic Microsoft ID CR2F: CD 

Nordic Revision CR27 (4biis chip code, 7z , where z is BIOS rev. counting down): 2F 
Nordic Mask Code CR25: 00 
Nordic pa ID: 1200H 
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NORDIC- IM Design Specification 

by Vlad Bril, Robin Han, Sasha Eglit, Rakesh Bindlish, Dwarka Partani. 

JeffOrt 
rev.S.2 December 24, 1998 

LO Introduction & Table of Contents 

Nordic IS Cirrus Logic's Founh Generation Flat Panel VGA Controller to be marketted m 
first half of 1994. 

Nordic- IM is a mid-end member of the Nordic family. It is a GUI Accellerator v^^ith PCI 
suppon and Multi-Media Features. 

Nordic- IM is targetted for the mid to high end of the Note-book Computer Market and 
for for the energy efficient desk-top computers mother-boards. 
Nordic- IM is not targened to the adapter market. 

1.1 Table of Contents 

This Specification will address the following: 

1 . Introduction and Table of Contents 

2. Basic Feature Set 

3. Detailed List of Features 

4. Pinout and Pin Descnption 

5 .Architecture Specification 

6 Register Specification - this is a diferent document 

7. Product Implementation Plan - this is also a diferent document 
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2.0 Nordic-IM Basic Feature Set 

1. Flat Pane! VGA Compatible GUI Accelieratoc register and feature compatible to 
5428 and Alpine I AA^. Prionty: A highest). 

2. 32bit CPUt 32blt Video Memory, 32bit BLT and 32bit CPU to Video Memory 
Data Path. Priority: A (= highest). 

3. 208 pin QFP package. 

4. Targeted to sample CY Qr94, production CY Q2 *94. Priority: A (= highest). 
5 Target cost: $12 to $10 •> less than 400mU [/] in C8 Foster City. 

6. Multimedia Features 

• Part of a well defined System Solution for high performance CD-ROM video and 
audio playback for the portable market. Prionty: B 

• Part of a well defined System Solution for mid performance low cost live NTSC 
Video and Audio with the NTSC decoder on a PCMCIA card. Priority: B 

• Audiu Poi t tu DLs p laj M e iuoiy. Audio Duffti lu Suial Iiunrfacc fi:jr CS424Q Audiu 
CudLL. Piiuiitj. C (CS421i) ia nui fie foi amtlwk cmnputtiiAj. 

• Video Playback decompression accelleration for CinePak including Color Space 
Conversion (YUV -> RGB). Priority: B 

• Live Video in a 320x240 or 640x480 Window from a propnetaryly compressed TV 
decoded data source (at 30Hz) on TFT color panels. Data is stored compressed and ii is 
decompressed to 18bit/pel or 24bit/pel in real time at display time. NTSC decoder and 
data compressor is on the PCMCIA card or the PCMCIA controUer. Please note that 
due to live video bandwidth requirements on PCMCIA bus , a relatively non-expen- 
sive way to achieve the second feature is to implement this compression algorithm. Pri- 
ority: B 

• Color Key Live Video Overlay based on a 5428-like Feature Connector with PCI bus 
(only). 

7. Integrated in Nordicl-M ^. ^ . . 

Cirrus Confidential 

• Color Space Converter for CinePak. Priority: B , Business Information 

• ISbit DAC with direct color capability Priority: A i-%z:o^ 

CL ISZooo 

• 24bit RAMDAC with true color capability Priority: C 

• Clock Synthesizers for Video and Memory Clock (65MHz/3V, 1 10MHzy4.5V). Prior- 
ity: A 
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• DAC IRef Current Source on chip. Priority: C. Boyd and ManShek are ^orkin^ on i: 



8. Direct Bus Interface: 

• 32bit VESA-VL bus {and 486 local bus) Priority: A 

• 32bit PCI bus. No on chip BIOS ROM support m PCI. Priority: A 

• I6bit ISA bus for demonstration and easy system validation. Priority: B 

• 32K or 48KB BIOS ROM support in ISA and VESA VL bus Priority: B loniv for 
BIOS/ system debug) 

• At least 5 scratch pad registers: optimum 8 scratch pad registers. Priority: A. 

9. Performance Enhancements to achieve l5-20MWinmarks at lKx768 8b/pel: 

• 32bit BitBLT with memory mapped I/O BitBLT registers (as in 5428 ?or Alpine) Prior- 
ity:A 

• BLT buffer of 8 ( oi 16 ) bytes for Source (and Destination ?) data, (5428 buffer is 
Sbytes, Alpine is I6bytes) (as 5428) 

• X/Y offset for Pattern BLT (as in Alpine) Priority: C 

• h/w graphic cursor 64x64 (as in 5428) 

• color expansion (as in 5428) 

• linear memory addressing (as m 5428) 

• 4 stage 32bit wide write buffer and capability to page CPU cycles if accumulated in the 
write buffer (this is already m 5428) 



10. Display Memory: 

• 0.5MB (I6bit wide), 1MB or 2MB memory addressing 32bit wide (as in 5428) 

• i orl 256Kxl6 one bank or 4 256Kxl6 two banks (2 CAS symetnc, 2 WE asymecnc) 
(as m 5428) 

• maximum memory clock frequency: 50MH2/3V, 65MHz/4.5V Priority: C 

Cirrus Confidential 

1 1, Flat Panel Support: [Priority: A] Business Information 

• Color TFT (24bit. 18bit, I2bit,9bit) 

• Color Dual Scan and Single Scan STN ( 16 and 8 bit, including dual clock panels) 

• Monochrome TFT (8bit), 

CL 152687 

• Monochrome Dual Scan STN (8bit), 

• Monochrome Single Scan (4 and 8bit) support 
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• Simulscan with aJi Fast Panels (6.3MHz or equivalent I with 32bit wide memorv 
No smulscan with I6bit wide memory with dual scan color panels 

No simulscan for 3MHz monochrome dual scan panels 

• 640x480 smgle and dual scan suppon (Pnonty:A) 

• 800x600 TFT and no single and dual mono and color STN panel support (Prionry • C; 

• 1024x768 TFT and no single and dual scan STN panel support . (Prionry D) 



IZ.Display Features 

• High quahty monochrome and color shading, at least as good as 6440. Pnonty, A 

• Shading option for fast panels. Priority: B 

• Up to 8, 64x64 Hardware Icons independently mapped color+transparent back- 
ground. Priority: C 

• Whisper Cross-Talk Reduction (If panels will be available in the time frame and if we 
can accomodate it with the shading algorithm). Priority: C 

• ''Office Productivity Booster Dual Display " 640x480 (panel) & 640x480 ( CRT) 4 or 
8b/pel or 640x480 (panel) & 1024x768 (CRT) 4 or 8b/pel Priority: E 

• Vertical Expansion in text and graphics (as in 6235 or 6440) 

• Automatic Centering if not expanded (as in 6235) 

• Grey-Shades Maping options ?? Is this needed ? Priority: D 

• Text Contrast Enhancement options, (as in 6235 or 6440) 

• Inking Plane Priority: D 

• 180 and 90 degree image rotation 7? Priority: D 

• 12 and 16dots wide font support ?? Priority: D 

• h/w offset on h/w cursor 77 Priority: D 



13. Resolutions Supported: 

• the same as 5428 at 5V (4.5Vmin) 

• up-to 45MHz dotclk (1024x768, ^OHz interlaced) at 3.3V 

Cirrus Confidential 

14. Power Management B""""* Information 

• Mixed 3.3V and 5V operation: memory, host and flat panel independent VDD 

• Green-PC spec suppon. Priority:. B 

CL 152688 

• Stand-by Mode with internal stand-by timer (as in 6235) 
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• Suspend Mode L/0 or pin m all modes (LCD. CRT,Simulscanj 

• Light Sleep ?? • better not for this chip as it requires too much h/w. Pnonn. F 

• Panel Power Sequencing: automatic or under I/O control (as in 6235 1 

• Reduced Active Power in Panel Only Operation: < 60mAmp @3.3V Priority:A 

• Reduced Suspend Current: < O.SmAmp. Priority: A 

2.1 Inputs from the Nordic-IM Features Meeting of 09/10/93 

- 24bit DAC if not too expensive (VAR) 

- mclk @5V max 65MHz. @3V max 50MHz 

' vclk and fpvdclk @5V max 85MHz, @3V max 65MHz 
• panels: 

- TFT 1280x1024? ##, lkx768 ##, 800x600 ##, 640x480 

24bita8bit, 12bii, 9bit color, 6bii mono 

- STiN 800x600 dual scan color, 640x480 ds color 1 6bit 

640x480 ss color Sbil 
640x480 mono bit 8bit and 4bit 

- horiz ## and venical centenng 

- normal 9dot font in 800x600 text ## 

- simuiscan for 800x600 and Ikx768 panels ## (need lo run all modes at 
800x600 or 1024x768 rezolutions -> option to clock panel till h&v Blank ) 

• suppon for two aliemaie fonts 10x24 for 800x600 (10x18 actual 
wiih spacing) and 12x25 for lkx768 ## difficult !! 

• h&v text expansion m 800x600 and lkx768 panels ## 

' color text enhancement ## : bright white instead of white 

- on chip cross-talk reduction ^ ? - any improvement ? 

- shading look-up tables M ? - only if not too large 

- NO Whisper support even on the bus side - out ! 
' NO one 2S6Kxl6 DRAM support - out ! 

• ' h/w icon support: with h/w cursor, up to 4 simultaneously. Horizontal position 

controlled in increments of 64 pixels. 

Icon attributes: off/on, 4 colors/3colors + transparcm, no_bUnk/blink, (simple/dou- 
ble). 

H/W cursor goes over the h/w icon (visually). Uses independenly mapped color in 
RAMDAC RAM. Stan at scan-line 64. 
' ^ntegratiot^? ## . to be negotiated Confidential 

- reserve pms for SDRAM-s and CDRAM-s ## „ ^^^^^ connaentiai 

. NO true dual displayl 8""°"* Information 

1.2 Inputs from Compaq 09/10/93 ri 1526«9 
-50MHz 486DX bus 

- 75Hz refresh rate 

- need one 256Kxl6 support with Audio and some video for Contura • build one 
motherboard for Centura and LT Lite. Two DRAM-s only on LT Lite. 
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- think that 8KB/buffer of audio buffer is not enough 

- want to use Analog Devices for Audio 

- No clear winner on conpression. They are watching. Need Indeo dnver 

- Play-back zoom is required. At least pixel replication 

- Very interested in Compressed Live Video. WAnt to talk more 

- need h/w icon 64x64 with 3coi+transparency or 4 color, with pixel replication to 
128x128. 



2.3 Inputs from AST 09/15/93 

- They prefer horizontal icon 

2.4 New Features as of 10/04/93 

- 4bit/pei packed support for Windows Chicago 

- 8bit/pei video out to the Feature Connector for conversion to NTSC-out 
with Nordic running 640x480 interlaced mode. 

Another idea was to use some of the panel outputs in this case and extend 
the data out to 16bits. 

- The h/w icon can be horizontal or vertical using the Motion Video Window as imple- 
mentation vechicle -> is it worth? 

- IBM Raleigh asked for 12 and l6dois wide fonts for h/w assisted Kanji. 10/04/93 

- IBM Raleigh asked for 8bit monochrome TFT panel suppon. 10/04/93 



3.0 Important Additions to 5428 Data Base 



1. 32 bit CPU Data bus in VESA VL bus support 

2. PCI bus support 

3. Mono and color, STN and TFT Flat Panel support (incl. hfb). 

4. Live video in a true color window with Windows running in planar VGA mode, 
without a video port (using PCMCIA standard bus and Sasha*s decompression 
technique). 

5. CINE PAK decompression acceleration 

6. Audio Port support for CS4215 

7. Power Management: panel power sequencing, stand«by mode, suspend mode 
8» Mixed Voltage, 33V operation and low active/suspend/standby power 

9. h/w icon support, with a h/w cursor support 

10. BLT performance improvements: Memory Mapped BLT I/O, patternning, 16 



bvte Source buffer 
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1 i [dual display 1024x768 on CRT with 640x480 on LCD, using the same R.AMDAC ] - 
if decided to do now 



4.0 Detailed List of Features 

4.1 WAS: On the Cross Talk Reduction Technique -> not in - 
IM 

This pan was deleted from Nordic- IM spec starting rev. 3.8 (09/1 1/93). 

4.2 Green PC Spec Support 

(Based on VESA DPMS Proposal l.Op rev. 0.53p) 

This specification refferes to CRT Monitor power management. Additionally, Nordic will 



TABLE 1. Display Power Management Summary 



State 


HSYNC 


VSYNC 


Video 
RGB 


Compliance 


Power 
Savings 


Recovery 
Time 


CRT On 


Puisese 


Pulsees 


Active 


.Mandatory 


None 


SA ; 


CRT 
Stand-by 


No Pulses 


Pulses 


Blanked 


Opaonal 


Minimal 


Shon 1 

1 


CRT Sus- 
pend , 


Pulses 


No Pulses 


Blanked 


Mandatory 


Substantial 


Longer 1 

! 


CRT Off 

t 


No Pulses 


No Pulses 


Blanked 


Mandatory 


Maximum 


System 
Dependednt 



control DAC power consumption. These power management CRT Monitor states are not 
necessarily related to the graphics controller power management states. 



We'll define 2 bits - GRE[2: 1] (the same as Alpine) that control HSYNC. VSYNC and 
DAC Power Off signal (or Blankn to the DAC). 
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TABLE 2. GREf2:ll Effect 



1 

i| 

!l GRE[2:1] 


CRT 
Sute 


Vsync 


Hsync 


DAC Power 


Nordic 
Power 

Management 
State 


0 


Un 


pulsing 


pulsing 


on 


active 


1 

1 


Stand-by 


pulsing 


static at 
MISC[61 inac- 
tive level 


off 


active 1 

■ 


2 


Suspend 


static at 
MISC[7] inac- 
tive level 


pulsing 


off 


active or 
stand-by ! 


3 


Off 


static at 
MISC[7] inac- 
tive level 


static at 
MISC(6] mac 
tive level 


off 


active, sund- 
by or suspend 



If Nordic is in us own Suspend mode, the BIOS should program GRE[2: 1 ]=3 to put the 
monitor (if any ) in the Off state. 

If Nordic is in us own Stand-by mode» CRT Suspend mode should be forced bt the h/w. as, 
stand-by is a timer driven mode and no s/w gets to play. 

It Nordic IS in LCD only, the BIOS should set GRE[2: 1 ] to 3 to power off the CRT that 
may be connected to the notebook computer. 

If CRT only mode and CRT is in stand-by or suspend, the BIOS may reduce the video 
clock and even memory clock frequencies after saving the current values. 

Except for the above restrictions, CRT Power Management modes are not related to Nor- 
dic power management modes: they can be independently programmed. 



If MISC bit is programmed for positive polarity, the SYNC signal will be stopped L. oth- 
erwise it will be stopped H. 

4.3 Play-back Decompression Acceileration 

(applicable to Cinepak as well as other compression 
standards) - old, kept here only for reference 
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a) When playback data is compressed on a CD ROM, it is encoded in 24bit/peJ YL'V u 
cronrunance sub-samphng. Due lo CDROM reduced bandwidth the display wmdov^ is 
160x120 or 320x240. If this compressed data is decompressed at full pixel depth, it 
should be displayed as 24bit/pel RGB wmdow under MS Windows. As the play-back data 
IS sent to the graphics controller from the CPU bus, it has to be placed in Video Memory in 
320KB 

A standard VGA controller or even GD5428 are able to display the 24bit/pel play-back 
window only if MS Windows is run in 24bit/pel mode (for instance 1024x768 24bit/pel or 
640x480 24bit/pel) by the driver. Under these conditions, the CPU will have to write the 
un-compressed 24bit/pel play-back data in the appropriate posiaon m Video Memory, 
contigouus to the entu'e displayed data. 

So. in order to display 24bit/pel in a play-back wmdow, GD5428 needs the driver to run 
24bit/pel at the maximum display resolution. 

But, m order to run 640x480 at 24bit/pel we need 92 1 .6KB of Video Memory and in order 
to run 1024x768 24bit/pcl we need 2359.296KB of video memory. (Please note that 2M of 
memory has 2097.152KB). 

Also, when running windows in 24bii/pel mode the performance wilJ decrease 3 or 4 times 
relative to Sbit/pel mode, especially when using DRAM as Video Memory. 

b) When running through MS Windows GDI, the driver can play-back data at ISfps or less 
(With a 486 33MHz). It is desirable to play-back data at 30fps. 

This can be accomplished today only if the driver does not go through GDI. 

c) If a picyure was stored on CDROM at low resolution (160x120 or 320x240) and it 
needs to be "zoomed", it has to be interpolated both horizontally and vemcally for good 
picture quality. Vertical interpolation is expensive in h/w. 

4.3. 1 The Generic Solution > old, here for reference only 

Today's Windows Accellerators run MS Windows, including the play-back window with 
the same pixel depth (8bit/pel), normally going through the RAMDAC/but using a split 
palette approach with 16 colors reserved for MS Windows and 240 colors reserved for the 
play-back window. The Cinepak driver writes data in video memory in 3:3:2 RGB format 

(8bits/pel) which is created by the driver. Because of the s/w overhead involved in 
decompression as well as the GDI overhead, it is hard to go beyond 320x240 clips at 
15fps, though the display quality is much lower than what Cinepak could achieve (240 
colors versus 16 million colors). 

To run Cinepak with 24pit/pel resolution, today's graphics controllers would require to 
run MS Windows in 24bit/pel mode, requiring almost 1MB in 640x480 and over 2MB-s m 
1024x768 modes. 
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A graphics controller that could run MS Windows in 8 or I6bit/pcl mode whiJe 
displaying only the play-back window in 24bit/pel mode would increase significantK pic- 
ture quality without degradmg too much MS Windows performance with piay-back. 
would reduce sigmficanily the amount of Video Memory required for the >ame picture 
quality and would allow a higher frame rate for the play-back. 

Further, if the play-back data is stored in Video Memory in a serru-compressed format thai 
requires less than 24bitypel this would further decrease the Video Memory requirements 
and it may even reduce the video memory band-width requirements. 

When zooming the play-back window from 160x120 to 320x240 or higher it is important 
to interpolate. Vertical interpolation can be done m s/w but with a relatively large over- 
head. It may be possible to do vertical interpolation on key frames, but there is no practical 
way of doing vertical interpolation on inter-frames cither in s/w or with h/w assist on the 
CPU write side of the graphics controller. If s/w driven vertical interpolation on key 
frames is not a solution, then verical interpolation can be only achived in h/w on the CRT 
read side and this requires either one or two I6bit/pcl line buffers or a big penalty on video 
memory bandwidth (the equivalent of reading 32 or 48bits/pel). 

Honzontal interpolation can be done before play-back data is displayed, without s/w help. 

Please note that there are multiple ways to solve the play-back problems. In Nordic- IM 
we'll try to strike a bailance between the complexity of the h/w solution and the quality of 
the play-back image. 

To a large extents the solution adopted in Nordic- IM will be genenc, not tied to Cinepak. 
though it will be first applied to Cinepak. 



4 J. 2 Nordic- IM old Play-back Accelleration Solution -> canned, kept here for reference 

a) Nordic-lM will run Cinepak at 1:1 scale exactly the same way as today's graphics con- 
trollers: in 8bil/pcl MS Windows with 8bit/pel (3:3:2 RGB) play-back window 

b) Nordic-lM will run 1:2 scale (zoom) in 8bit/pel 1024x768 MS Windows with 24bit/'pel 
(8:8:8 RGB) pixel depth in the play-back window, horizontally interpolated and vertically 
doubled. Play-back data will be stored in video memory as 16bit/pcl (YO UOl Yl UOl ) 

ONordic-lM will run at 1:1 scale in 16bit/pel 1024x768 MS Windows with 24bit/pel 
pixel depth in the play-back window. Play-back data will be stored in video memory as 
16bit/pel ( YO UOl Yl UOl ). This rnode is good for programs that store data m 320x240 
format. 

Because today large play-back windows look bad, while small ones look OK. this solution 
will improve picture quality to a large extent. ^.^^^ Confidential CL 152694 
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Concerns: 

Many play-back programs today don't even have a zoom option To this extent, mode b 
may not be needed. 

Mode c could be implemented today with 16bit/pelJlGB (555) in s/\k and the onl> 
improvement we provide is 24bit/pel capability and h/w color conversion ( some level of 
accelleration). So mode "c" may not be needed as a special h/w. 

If this is the case, maybe we do not need to do anything in h/w for Cinepak ! 

One idea: should we run 24bii/pel MS windows stored in 4:2:2 (YO UOl Yl UOl ) for- 
mat? This will allow us to run 24bit/pel MS Windows and use 16bit/pel memor>' space 
with no loss of quality. The windows driver could compress the data and the h/w couid 
decompress it. 



4.4 Nordic-IM Motion Video Architecture 

Sasha Eglit, Rakesh Bindlish, Vlad Bril and Dave Keene are important contribu- 
tors to the Motion Video Architecture definition. 

4.4.0 The Problems to Solve & Generic Solutions 

Nordic- IM is supposed to support CDROM play-back and live-video under Microsoft's 
Video for Windows. With all of today's VGA Compatible Graphics Controllers, the play- 
back picture pixel depth has to be the same as the surrownding MS Windows pixel depth. 
In other words, we have to run MS Windows in a 24bit/pel mode in order to display 24bit/ 
pel m the play-back window. 

The only way we can run today live video is from a Video Port (= Feature Connector). In 
this case we'll use an overlay or a color key to define the live video window. 
Due to CDROM player, s/w interface complexity, CPU bus and Video Memory limita- 
tions, only small clips at I5fps or less can be playd-back today. So today we need a lot of 
Video Memory to run small clips in slow motion at low rezolution. Nordic- IM will try to 
use less Video Memory, increase the clips size, their resolution and speed. 

Nordic-IM is supposed to support: 

- accellerated play-back for all popular CDROM compression standards, especially 
Cinepak and Indeo 

- live video from a PCMCIA card in a system with a standard PCMCIA host adapter, 
for a "Multimcdia-Ready Notebook Computer" 

- live video from a Feature Connector, preferably VESA Advanced Feature Connector 
compatible, for a Mulumedia Notebook Computer with direct NTSC input (full mother- 
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board solution). 

What will Nordicl Vt bring to the Video plate: 

A. Nordic-IM will break the dependency between the pixel depth or MS Windows and the 
pixel depth of the Ijvc-video / play-back window By doing so, Nordic- 1 M will be able to 
run 24bit/pel LV/PB while running MS Windows in 8bit/pel or 4bit/pe! leven planar i 
This will lead to high quality live- video and play-back, while minimizing Video Memorv 
requirements. 

B. Nordic- IM will further reduce Video Memory requirements as well as Video Memory 
Bandwidth requirements by storing data in compressed form: 4:2:2 YUV ( 16bit/pel). 4 1 I 
YUV (12bitypel) or Sashapak YUV (2.6b!t/pel) 

C. Nordic- IM will define one architecture and work-frame to run both piay-back and Ine- 
video in a unitary way for both s/w and h/w. 

D. Nordic- IM will suppon up to two active LV/PB windows at the same time, 

E. By providing h/w YUV->RGB conversion and 1:2 zoom Nordic- IM will accellerate 
playback for most standards, but mostly for standards that allow us access to their decom- 
pressor like Cinepack (for whose decompressor we have a licence). 

Nordic- IM will not provide Cinepak specific accelleration (custom BLT). 

On the Live Video from Feature Connector (or Video Port) 

Due to pin-out limitations, the VAFC impiemcnution has to be iinuited to 8 pms of data 
requiring external muxing of 16bit data to Nordic. Further, the VAFC solution will be 
restricted to 5428 type support: overlay and color key (no memory video pon). The only 
additions to the 5428 support will be the internal YUV-> RGB convener able to accept 
sequential 4:2:2 YUV (16bit/pel in avaragc: Y0,U,Y1,V) and display it as a 24bit/pel RGB 
in the overlay /color-key window. We may also support horizontal 1:2 zoom with avarag- 
mg. Nordic- IM will be back- wards compatible to 5428 and it will suppon also 16bit 5-5- 
5 RGB Sierra and 5-6-5 RGB XGA pixel formats. As in 5428, live video from the Feature 
Connector can be executed only from mode 5F (640x480 256 colors). 

In the following we will refer mostly to the other two modes of openation: play-back and 
live video from a PCMCL\ card, which we'll call compressed live video, because due to 
PCMCL\ bus bandwidth limitations, we assume that video data received by Nordic is 
compressed with Sashapak (see Sashapak detailes further in this spec). Please note that 
due to Its huge advantages, it makes sense to use Sashapak as a mother-board solution too 
The main reason we continue to support the Feature Connector based live video is the 
availability of drivers for 5428 which will give Nordic an early stan in the live video 
arena. 

Video Memorv Band»width Constraints 

Please note that, even with a 32bit wide Video Memory, there are severe memorv' band- 
width limitations when running 16bit/pcl and 24biL/pel graphics modes. 

Assumming that Nordic- IM does 8 CRT fetches in a row and 1 CPU cycle, for a CRT or 
TFT panel, here are the minimum frequency requirements for memory clock frequency at 
different rezolutions and pixel depths: 
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:4bit/Del: 

R+7P+R=12m+I4nn=26m with I CPU cycle per CRT FIFO fill fetches data for 

32B/3B=10pixels 
R+7P = 6m+14m = 20m with no CPU cycle during nbn-display time 
nun mclk freq =s 65MHz / 50MH2 @ 640x480 -> Nordic- IM upper limit at 5V CVDD 
= 104MHz / 80MHz @ 800x600 -> too high 
= 169MH2 / 133MHz @ 1024x768 6OH2 -> too high 

16bil/pel: 

R+7P+R=I2m+14m=26m/ R+7P = 20m fetches data for 32B/2B=16pixels 
min mclk freq = 40.6MH2 / 36MHz @ 640x480 -> OK even at 3V 

= 65MHz / 5OMH2 @ 800x600. -> Nordic- IM upper linrui at 5V CVDD 

= 105MHz / 83MH2 @ 1024x768 60Hz -> too h:gh 

12b[t/Del: 

R+7P+R= 1 2m+ 1 4m=26m / R+7P=20m fetches data for 32B/ 1 ,5B=2 1 pixels 

min mclk freq = 30.9MHz / 23MHz @ 640x480 -> OK even at 3 V 

= 49.5MHz / 38MH2 @ 800x600 -> OK even at 3V 
= 804MHz / 64MHz @ 1024"x768 60Hz -> too high 

8bit/pel: 

R+7P+R=12m+14m=26m fetches data for 32B/lB=32pixels 
nun mclk freq = 20.3MH2 @ 640x480 -> OK even at 3V 

= 40.6MHz @ 800x600 -> OK even at 3V 

= 52.8MHz @ 1024x768 60Hz -> OK at 5V 

We mav conclude that Nordic- IM will be able to run 24bit/pel only at 640x480 rezolu- 
tion. 16bit/pel up to 800x600. I2bit/pel up to 800x600 and 8bit/pel up to 1024x768 rezolu- 
tion. These results apply only to CRT or TFT and single scan STN panels. 
Please note that for dual scan STN panels the memory requirements increase sigmficantlv. 

These severe memory bandwidth limitations lead us to attempt to minimize video mcmor>' 
traffic. If we store Cinepak data in 4:2:2, with an avarage of 16bit/peL independent of 
Cinepak window size, Nordic-IM will not be able to run Cinepak above 800x600. 
Any attempt to execute venical zoom with interpolation, even with two points interpola- 
tion will further aggravate this memory band-width bottleneck. The next step should be 
lOOMHz SDRAM-s with a large CRT FIFO (32x32) or 64bii wide memory data bus. 
These considerations apply to any playback compression standard that stores data in 
video-memory as 16bit/pel in avarage. The key to a successful compression standard 
would be one that does decompresssion on the CRT memory read and stores data in mem- 
ory as 8bit/pel or less, in avarage. 

As we store live video at 2.6bit/pel and fetch it as if it was Sbit/pel with Sashapak, 
Nordic-IM should be able to run live video even at 1024x768. 

If we defined a new CDROM play-back standard based on Sashapak, then we could run 
even 1024x768 with 24bit/pel accuracy and keep it memory as an 8bit/pel. Keith and 
Ken are actually working on it, with Sasha's help. 

4.4,1 On Sashapak C***™^ ConHdential 152697 

Business loformatioo 
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Sashapak is a highly assymeinc, lossy "Block Truncation" compression algorithm opu- 
nuzed for visually equivalent image processing. 

Data IS proccessed as Y.U,V one byte each. U and V are sub-sampled, characterizing one 
8 by 8 pixel anay. while Y is characterizing a 4x4 pixel aray Actually one of two values is 
assigned to each pixel inside the 4x4 (for Y) and 8x8 (for U and Vl 
At compression time, the compression chip determines a threshold and two values L&.L 
for each group of sixteen (4x4) pixels. This way all pixels above threshold will be 
assigned the value U. ail pixels below threshold wilLbe assigned the value L 



31 Ibyte Ibvte 



2bvtes 
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Yl 


Y2 


Y3 



YO 
Yl 
Y2 
Y3 



U 



BITMAP 



BITMAP 



U 



BITMAP 



U 



BITMAP 



64pixels are described by u 

6x4B=24B=l92bits 

=> 3bit/pel 

Using 6bits for U & L V 
the compression will be 
2.6bit/pei. 



U 



BITMAP 



U 



BITMAP 



At decompression, the bitmap will control a mux between the U and L values. This way 
the decompression is straightforward. 

The main drawback of this approach is that a BITMAP contains Y data from 4 scan lines 
and U, V data from 8 scan lines. When data is read from memory to be displayed only data 
from one scan line is used. Similarly the U/L values apply to several scan-lines and the 
same value will be read m each scan line. The same data will be read again and again in 
each scan line raising the actual memory bandwidth requirements to an equivalent of 
16bit/pel map. 

In order to overcome this problem and reduce memory bandwidth requirements. Sasha 
proposed a scan line oriented, segregated mode of data organization. This would 
require the Sashapak compression chip to wnte compressed data in a specific way puting 
the strain on the compresion chip address generator. The basic principles of the new orga- 
nizations are: 

1 . Data is organised in the MV Window in chunks of 32 sequential pixels. 

a) For 8bit U/L resolution, as one Y covers 4 pixels, 8 U/L sequential values are needed, 
16bits each -> 8xie/32=4W (8xl2/32=:3W for 6bit res. U/L) (where W is a 32bit word). 

b) U and V U/L data is packed together in the same word (16bits for U U/L and 16 bits for 
V U/L -> total 32bits=l W) and as one pair of U and V applies to Spixels, 4 such values 
are needed for 32 sequential pixels -> 4x32=4W. (4x1 2x2/32=3 W for 6bit res. V/L) 

c) The mask data is also scan-line oriented: all 32bits of Y mask of sequential 32pixels are 
placed in one 32bit word and due to sub-sampling on U and V, all 32bits of U and V mask 
of sequential 32pixels are placed in one 32bit word. So in 2W data for 32 sequential pixels 
on one scan line is packed. -> 2W (the same for 6bii resolution for U/L) 
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d) For 640x480 window size, even ai 8bu U/L resolution, data for 8 scan-lines fus in one 
DRAM page (symetric DRAM-s assunied): 320WY+80WLV80WV=480W < 512W page 



I ^ 480W for one 8x640 pixels block fits m one page 

!SLA 



U/L for' Y 



U/L for U.V 



Y bitmaps j bitmaps j 



8Bii per f/L 
resolution 



U^n-VlW-Offsei 160W SLA-^AOh gOW SLA+FOh I60W SLA*l90h SOW Dau Grouped 
j Where Si is scan-lme number i inside the block SO S I S2 S7 SO. 1 S6.7 Scan Lines 

f) The key to memory bandwidth optiniization is the fact the the compression chip will 
organize data sequentially over 32 pixels instead of 8. This will be done for the mask bus 
which will be organized sequenualiy by scan line and for the U/L data. This way a 32bii 
word of Mask data contains only information for the current scan line and no extra mem- 
ory fetches are required. The main reason we segregate U/L for Y and U/V is the fact that 
we want to use 6bii U/L. In this case it is easier to idenufy the proper U/L info chained 
within 32bii words if the words are sequential and we have a fix relationship between - 
their address and the 6bit U/L quantities. 

g) If we calculate now the amount of data we need to fetch to display 32 sequential pixels: 

- for 8bit per U/L: 4W (YU/L) + 4W (UV U/L) + IW (YM) + IW (UVM)=10W=40B 

-->40B/32pixels=320bit/32pixels=10bit/pel to fetch from memory 

- for 6bit per U/L: 3W (YU/L) ^ 3W (UV U/L) + IW (YM) + 1 W (UVM)= 8W=32B 

"> 32B/32pixels = 8bit/pixel 
This is a very good dau fetch ratio, much better than the 16bit/pel we*d get without the 
optimization. 

gj When reading data from the Motion Video Window the controller will generate the fol- 
lowing sequence of addresses, all of them in the same DRAM page (8bit per U/L): 

- fetch the YU/L for the first 32 pixels on scan-line n at addresses: 
MVW_Stan+n*MVW_offset. +L +2, +3 

- fetch the UV U/L for the first 32 pixels on scan-line n at address: 
MVW_Start+n*MVW_offset+AOh, +1, +2. +3 

- fetch the Y BitMap for the first 32 pixels on scan-line n at address: 
MVW_Stan+n*MVW^offsei+FOh 

- fetch the UV BitMap for the first 32 pixels on scan-line n at address: 
MVW.Sian+n*MVW_off set+ 1 90h 

- fetch the YU/L for the first 32 pixels on scan-line n at addresses: 
MVW_Sian+n*MVW_offset+4, +5, +6, +7 

- fetch the UV U/L for the first 32 pixels on scan-line n at address: 
MVW_Start+n*MVW^offsct+A0h44, +5, +6, +7 

- fetch the Y BitMap for the first 32 pixels on scan-line n at address: 
MVW.Start+n*MVW.offset+FOh+ 1 

- fetch the UV BitMap for the first 32 pixels on scan-line n at address: 
MVW_Start+n*MVW_offset+ 190h+ 1 

- now the MVW FIFO is full. 

- chunks of ten 32bit words will be proccessed for every 32pixels displayed 

- the MVW FIFO gets empty after the first 10 words being read for decompression and 
display. 

Please note that all data for every 8 scanlines sianing from the top of the MVW is m die 
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same DRAM page. 

Because we have to fetch the MVW Data before we stan displaying it. and because at that 
time the CRT FIFO does not empty as fast as it is needed (unless MS Windows is running 
at the same pixel depth as the MV Window), it is necessary to have a separate FIFO for the 
MVW or at least half the FIFO (at least lOW for 8bit per U/L and at least 8W for 6biis per 

U/L). 

h) When we run 6bit per U/L. because the Video Memory band-width requirements are as 
if we were running SbiUpel we could do vertical zoom with avaraging. But there should 
not be a need for zoom with Live Video because there is enough CPU and memor> band- 
width to run 640x480 windows even when MS Windows is run as 1024x768 4 or 8bit/pel 

Conclusion: With Sashapak we can get data organized in memory such that the memor> 
bandwidth is as for lObit/pel (8bit U/L) or 8bit/pel (6bit U/L) pixel depth. The actual 
memory area will be close to 3bit/pel or 2.6bit/pel depending on the resolution of U/L val- 
ues - 8 or 6bits per value. 

Please note that the memory area will be slightly larger due to the fact that we use only 
480 words in a page of 5 12. 

4.4.2 YUV to RGB Conversion Algorithm 

The ideal YUV to RGB transformauon is: 

R=:Y+ 1.37V 

B=Y+L73U 

G=Y-0.699V.0.336U 

After defining an objective way of measuring color error. Sasha came up with the follow- 
ing Conversion algorithm; 
R=Y+1.375V=Y+1 3/8 V 
B=Y+1.75U=Y+i 3/4U 
G=Y-0.375U-0.75V= Y-(3/8U+3/4V). 



This algorithm can be implemented with 8 9bit adders and it should support excess 128 or 
two's complement U,V formats (U,V may be negative while Y is always positive). 
This algorithm will be used with Live Video. 

For Cinepak, the YUV->RGB converter will be reconfigured to the Cinepak YUV->RGB 

conversion rule: 

R=V+Y 

B=U+Y Cirrus Confidential 

G=Y-V/2-U/4 Business Information 

CL 152700 

4.4.2 Motion Video Architecture Functional Blocks 

Instead of treating play-back and live-video as two separate modules, we'll isolate several 
generic functions to be used by both: 
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- Display Window Generation Block: 
allows s/w to define one or two play-back or live video window(si 
The MV Window is defined in memory cycles relative to the stan of line m honzoma! 
and frame in vertical direction. Horizontally the unit of measure is aifferent outside rela- 
tive to the inside of the window; the honzontaJ window start coordinate is expressed m 
memory cycles for the surrounding pixel depth (MS Windows pixel depth, normally 4 or 8 
bit/pel)' while the width of the'^MVW is expressed m memory cycles for the MVW pixel 
depth (8bit RGB, 16bitRGB, 422YUV spacial, 422 YUV linear, 41 1 YUV hnear. 
Sashapak). 

- XS = MVW Honzontal Start Coordinate (in surrounding 

pel depth memory cycles) 
The honzontal position is programmed with 8 pixel resolution 
(0,8,16,... pixels startmg from the left side of the screen) 
XS register CR34[7:0] -> 8 bits 
(up to IK pels in increments of 8 pels) 
To get an early warning, we will require XS to be programmed 
8 pixels less than the actual position: 0 is zero, 1 is 16pels, 2 is 
24 pels,... 

- XW = MVW Horizontal Width ( MVW pel depth memory cycles) 

XW register CR35 [7:0] -> 8 bits 
(up to IK pels m mcrements of 8 pels) 

To get an early warning, we will require XW to be programmed 
8 pixels less than the actual width: 0 is zero, 1 is 16pels. 2 is 
24 pels,... width. 

- YS = Vertical MVW Start (m true scan-hnes not affected by 

scan-line doubling or panel vertical expansion) 
10 bits in CR36(1:0] (msb-s) and CR37[7:0] (Isb-s). 

- YE = Vertical MVW End 

(all bits are programmed, in true scan lines) 

10 bits in CR36[3:2] (msb-s) and CR38[7:0] (Isb-s). 

- SAdOfs Surrounding Address Offset (a number to be added every 

line to the surrounding CRT Address Counter value to allow it to 
jump over the MVW without counting through it. This allows caiculaung 
the surounding restan address.) This number depends on the surrounding 
mode resolution. Assuming a maximum line of 1024 pels, in increments 
of 4 pels per address (SbitsVpel), 256 addresses is enough -> 8bits. 
8biis in CR39[7;0] 

- WMAdS = MVW Memory Address Stan in increments of 

16KB = 4KW (a phisical address 00000:3FFFF for 1MB or 
00000:7FFFF for 2MB Video Memory). 

7bits m CR3A(6:0] Cirrus Confidential 

Business Information 

- WMAdOf = MVW Memory Address Offset (A number to be added to 

the current MVW Stan Address to get the next MVW stan Address). 
Having this s/w model allows panning through a large image for the 
MVW. The actual image stored in memory may be as large as IK pixels 
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at I6bit per pixel (2 per word) -> 9bits. 

9biis -> in CR36[4] (msb) and CR3B[7 0] (Isbj 
Because the CRT Address Counter counts surrounding memory cycles, dunng the MVW 
display It would count a wrong number corresponding to the MVW pixel depth. To avoid 
this wrong count, the CRT Address Counter is stopped while MVW is displayed and 
loaded with the value corresponding to the end of MVW and restart of the surrounding 
display. As this address value changes every line, an offset is specified and will ba pro- 
granimed by the MS Windows dnver depending on the MVW size and pixel format. 
The horizontal size of the window is controlled by a different counter counting to XW 
During the MVW display the adddress will be generated by the same CRT Address 
Counter which will be loaded with a MVW Memory Address Stan (WMAdS) 

- XW8P = MVW Horizontal Width in 8 pixel units. Defines the size of 
the window in 8 pixel units. It is used to lermmaie the window honzontally. It may require 
to program the value minus one or two. To be Defined Later. Register CR3D[6:0] will 
contain this value. 

Every scan-line 

MVW Scan«Line Start Address s Previous Scan-Line MVW SUrt Address WMAdOf 

Scan-line doubling for "zoom" should be taken into account when designing the 
MVW Architecture: on the address generauon block, 

- Off-screen MV Memory Addressing and Access Control. This includes data type tag 
generation based on MV memory Address and the circuitry placmg the tags in the CRT- 
FIFO. This block has provisions for scan line replication by repeating the MV address 
generated on the previous scan line of the MV window (only). 

As Cinepak needs 4:1:1 rectangular format the MV Memory Address Counter needs to 
count m a non sequential way: 

YOSn YlSn Y2S(n+l) Y3S(n+i) U V 
implies an address counter that can skip over two numbers, or maybe a second address 
counter that starts counting from 2 instead of zero* 

- One tag bit is generated based on CRT Address and is 1 if the data in the CRT 
FIFO is from the MVW, other-wise is 0. This tag bit, called the steering bit will be 
delayed through the entire data path and end up controlling the fmal video data mux just 
before the DAC. 

Other tag bits called "data-type" tag bits encode the type of 32bit word in a given 
data format and are used by MVW Decoder/Serialiser to steer CRT-FIFO data at CRT- 
FIFO read. 

For instance, m 4: 1 : 1 linear data format, data is stored m memory and in the CRT-FIFO 
as YO Y 1 Y2 Y3 U03 V03 Y4Y5 Y6Y7 U47V47, 3 groups of 32biis. Two "data-type tag 
bits will mark the three types of 32bit words so that steering logic knows where to place 
the three words m the data senaliser. 

Similarly Sashapak will need 3 "data-type" tag bits to encode 8 32bit words (for 6bit per 
U/L) or 4 "data-type" tag bus to encode 10 32 bit words (for 8 bits per U/L). 

16bit RGB 5:6:5 and 5:5:5 and 8bit RGB 3:3:2 can cither use the standard VGA data 
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path, which m 5428 was extended to 16bit wide (used for 16bit/pel licx768 interlaced or 
the new data path, if a phisicaiiy new dau path will be actually created 

- \rV Data Path . This is area wise the largest piece. It consists of a new I6bit ^^ide data- 
path with the same delay as the VGA data path, that takes MV data from the MV prefetch 
cache and the CRT FIFO, treats it appropriately depending on the MV data format 
encoded m the MV tags and convens it to 24 bit YU'V first and 24bit RGB second. Hori- 
zontal zoom with avaraging tor maybe 5 levels of interpolation) is in this block too 

- Larger (26 or 24 sUges) CRT-FIFO, Variable CRT-FIFO threshold and its con- 
trol. Because the MS Windows pixel depth and MVW puel depth don't match, it is nec- 
essary to reserve CRT-FIFO space to fill m enough high pixel depth data before the 
MVW display stans. In Sashapak this means 10 or 8W (for 8 or 6biis per U/L respec- 
tively). 

This function can be implemented as a dinamic threshold size modification of the CRT- 
FIFO. If the CRT-FIFO has 24 stages instead of 16 but only 16 stages are used before the 
MVW but it is switched to 24 when MVW fetches start, there will be 8 more stages to fill 
at that ume ensunng more prefetched data in the CRT-FIFO at the beginning of each 
MVW scan-line. 

In normal operation the threshold is 8 (or 6 ). 

Here is the sequence of events that follow the delectioa of MVW start: 
L Drop CRT-FIFO threshold to 1 to get immediat service 
& make 10 (or 8) more sUges available in the CRT-FIFO. 

2. Start fetching MVW data till CRT-HFO is full, 
(BUT in progress will increase latency) 

3. Increase threshold to 10. 

4. Proceed as such till end MVW. 

5. Load the CRT Address Counter with 

its last contents -f SAdOf 
(where SAdOf = Surrounding Address Offset) 

7. Continue fetching based on the new address 

(start with random cycle). CRT-FIFO threshold remains the same 
- at least 10 or 8. CRT-FIFO size is still 26 or 24. 

8. At the end of line, upon flushing the CRT-FIFO before prefetch, 
decrease CRT-FIFO size back to 16 keeping the threshold the same. 

9. Go back to #1 for the next scan -line. 

This sequence is applied if MVW pixel depth is higher than surrounding pixel depth. 
If MVW pixel depth is lower than surrounding pixel depth, then the action described 
at #1 above takes place at the end of MVW, instead of the beginning. In other words, 
FIFO depth extension takes place when a switch from low to high pixel depth occurs. 
If MVW pixel depth is the same as the surrounding, only the address is switched. In 
this case the CRT FIFO depth and the threshold remain the same. . ^ 

Cirrus Confidential 
Business Information 

- Steenng logic decode the tags comming out of the special addiuon to the CRT-FIFO and 
the pre-fetch buffer and controls the decompression, formatung and serialization. 
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I they tell the formatter what data is Y. U or V) 



- What about the video scnalizer load and the CRT FIFO read signal'' What hapens to 
them when in MVW? They are one signal today. 

WHEN the data path switched to display MVW data, what hapens with the VGA Video 
Data Path is don't care as we do not display that data, except for the h/w cursor ant the h/ 
w icon that do not go through the standard VGA serializer. So we 11 probably stop the 
VGA data path untill the point h/w cursor and h/w icon are combined into it, to save 
power, as we will stop the MVW data path when not in use, for the same reason. 
So, the Video Senalizer Load may be stopped while MVW data is displayed, but the 
CRT FIFO read wiU be going on, with a frequency and shape depending on the data 
format loaded in the CRT FIFO for display. 

In RGB 3:3:2 8bit/pel direct color mode CRT-FIFO read will be generated every 4 vclks. 
In standard RGB 5:5:5 or 5:6:5 16bit/pel modes CRT-FIFO read will be generated every 
two vclks. 

In YUV 4:2:2 24bit/pcl (YO U Yl V on one scan line) the CRT-FIFO read will be gener- 
ated also every two vclks. 

IN Sashapak 10 (for 8bil per U/L) or 8 (for 6bit per U/L) CRT-FIFO read pulses will be 
generated every 32 vclks. 

- The MVW Address Counter, loaded at the beginning of each MVW scan-line with a stan 
address calculated based on the Stan MVW Address and the MVW Address Offset, will 
count at format dependent rate for as long as the CRT-FIFO is not full. Because the CRT- 
FIFO will be emptied faster in the MVW (m general the pixel depth will be higher m the 
MVW) there will be requests for more memory cycles when displaying in the MVW 

• If either h/w cursor or h/w icon are on, they should be displayed even if the direct data 
path IS used. In this case both video data pathes will clock and the steer tag will point to 
the VGA data path when either h/w cursor or h/w icon or both are displayed, even on top 
of a MV window. Please note that neither the h/w cursor, nor the h/w icon data go through 
the CRT FIFO or the VGA Data path except for the final pixel address block and the 
RAMDAC RAM, though they have a special path m the RAM. So we could stop most 
of VGA data path (including the intemal palette) but not all of it even if we are in 1 6bn/pel 
mode (the new one that goes through a separate I6bit data path). 

- If we are in a 16bit/pel mode with no h/w cursor or h/w icon, or in a 640x480 MVW 
mode filling the screen, we can stop the VGA data path to save power. 

- The off-screen MVW memory will be a programable start memory array normally 
placed towards the end of the memory, but before h/w cursor, h/w icon and the half frame 
buffer, even the color one. The stan of the MVW memory will be programable in incre- 
ments of 4KW (16KB) as a physical address -> 7bus to program. 

CR3B[6:0) is the MVW Memory Array SUrt Address. Cirrus Confidential 
2MB configuration will support enough memory to support: Business Information 

- one 640x480 3bit/pel window or up to two 320x240 3bit/pel (Sashapak) -> 32KW 

- one 640x480 I6bit/pel window or two 320x240 i6bit/pel wmdows 
(153.6KW=614.4kB out of 256KW or 512KW available depcndmg on the memory con- 
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figuraiion) . 

- all of the above at the same tmie up to a total of two windows thoueh 

1MB configuration wil] sup|>ort: 

- one 640x480 3bit/pel Sashapak window or two 320x240 Sashapak windows or 

- two 320x240 16bit/pel windows. 

Please note that about 24KW are needed for 800x600 DS Color STN HFB. the h/w cur- 
sors and h/w icons while about iSKW are needed for 640x480 DS Color STN HFB and 
that 

■ 640x480 4bil/pel requires 38.4KW 
• 800x600 4bit/pel requires 60KW 

- 1024x768 4bit/pel requires 98.3KW 

- 640x480 8bit/pel requires 76.8KW 

- 800x600 8bit/pel requires 120KW 

- 1024x768 8bit/pel requires 196.608KW 

Video Motion Formats supported are: 

- 8bit RGB 3:3:2 going through the palene (RGB 3:3:2) 

• 16bit RGB (5:5:5 Sierra and 5:6:5 XGA) not going through the palette -> this is a 16bit/ 
pel that does not require double dotclock !! 

- 4:1:1 array converted to 4:2:2 YOY I Y2Y3UV. >Y0UY1VY2UY3V for Cinepak 

(with Y2Y3 for the next scan line) 

- 4:2:2 hnear YOUYIV from TV Decoder 

- Sashapak format (we*ll support only 6bit/pc]) 

- for 8bu per U/L: 

4W (YL'/L) + 4W (UV U/L) + IW (YM) + 1 W (UVM)=10W=40B ' 

"> 40B/32pixeis=320bit/32pixeis=10bit/pel to fetch from memorv 

- for 6bit per U/L: 

3W (YU/L) + 3W (UV U/L) + 1 W (YM) + 1 W (UVM)= 8W=32B 
-> 32B/32pixels = 8bit/pixel 

CR3C[3:0] will encode the pixel format for the first mouon video window data: 
Oh = 0000 = 8bit RGB 3:3:2 going through the palette 
Ih = 0001 = 16bit RGB Sierra (5:5:5) 
2h = 0010 - 16bit RGB XGA (5:6:5) 
3h = 0011 = 4:2:2 YUV YOUYIV 
4h = 0100 = 4: 1: 1 YUV linear YOYl Y2Y3UV 
5h = 0101 =4:1:1 YUV array YOY1Y2Y3UV but Y2Y3 are in next 
scan line 

6h = 0101 = Sashapak 6biis for U/L 

7h = 0110= Sashapak 8bits for U/L Cirrus Confidential 

8h:Fh = 0111:1111= reserved Business Information 

CR3C[4] = Enable Motion Video Window 

CR3Ct5] = Enable Live Video in Full Screen 

CR3C[7] = MVW horizontal zoom (doubling) 

CR3C[6] = MVW vemcal zoom (doubling) 1 52705 
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Note: We will not support 4:1:1 linear from TV decoder, for design simplicu> 



Memory data formats: 

- 8bit and 16bit RGB, as in 5428. 

-4:1:1 Cinepak converted to 4:2:2 by wniing a 4:2.2 Code-Book 
first scan line -> VoUY IV -> One 32b»t Word 

second scan line in memory -> Y2UY3V -> One 32bit Word 

- 4:2:2 linear will be mapped in memory as follows: 

first scan line YOUYIV 
first scan line Y2UY3V 

consecutive data in the same scan line. 

The tags that accompany the motion video data through the CRT-PTFO mark both the data 
format and the type of data inside the format (U/L for Y or U.V or mask for Y or L\V m 
Sashapak, YO. YKU or V m 4:2:2). 

Double Buffenng for MVW Video Memory Data 

In order to get a high quality Live Video fiili frames should be displayed at all times. This 
assumes that wntmg the video buffer and displaying it are in sync, which is normally not 
the case. . 

To solve this problem and provide a simple interface between MVA h/w and the driver, 
Nordic will support a double buffer approach. 

Addressing with Sashaoack: 

Sashapack stores data for eight scan-lines in one memory page (works only with synchro- 
nous DRAM-s), But due to U»V sub-samphng difcreni data types are not read from mem- 
ory uniformly. 

On Y U/L the first four scan-lines read at offset 0 in the page, but the second four scan- 
hnes read at offset 50H in the page. 

On U.V U/L we read the same data for each scan-line. So we repeat reading the same data 
at ail times, for eight scan-lines. Page addresses to read are AO:EF. If the scan-line is 
shorter it will end sooner. 

On Y Map the data should be sequential, scan-line oriented: first pixels 0 to 639 on the 
first scan line, than pixels 0 to 639 on the second scan line and so on till the 8-th scan line. 
If the lines have less than 640 pixels, Sasha wants them cropped for the first 4 scan hnes, 
and then starting again from the half for the next four scan-bnes. This is in sync with Y LV 
L where the last four scan-hnes start from mid. 

On U.V Map , because of the vertical subsampling, the same data is read for two scan 
lines, so there are four scan-lines worth of data but each scan-line is read for two consec- 
utive scan-hnes. Even if the scan-line is shorter, there will be a gap every-scan-hne: there 
are fix page addresses for each scan-line up to 640 pixels wide. 
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Full Screen in a given graphics mcxle 




YE 



XW 



Motion Video 
Window 
Display Position 



WAdOf 



XW8P 



Where: 

- XS = MVW Horizontal Stan Coordinate (in surrounding 

pel depth memorv cvciesi 
XW =: MVW Horizontal Width ( MVW pel depth memorv 
cycles) 

- YS = Vertical MVW Stan (in true scan-hnes not affected b> 

scan-iine doubling or panel venical expansion) 

- YE = Venical MVW End 
(all bits are programmed, in true scan lines) 

- WAdOf = MVW Address Offset (a number to be added 

every line to the CRT Address Counter to allow it to jump ' 
over the MVW without counung through it. 

- XW8P = MVW horizontal width expressed in 8 pixel units 

Please note that MVW horizontal width is defined twice in different units- 
XW defines it on the memory side in memory cycles 
XW8P defines it on the CRT side in 8 pixel units. Cirrus Confidential 
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match the delay 
in the two data 
pathes. 



24 



16btt/pel will go through the 
MVW data path in all cases. 
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Video Data 
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4.5 Feature Connector Support 

Nordic- 1 M will support 5428 Feature Connector so that it is compatible to Media Man- 
ager 

Nordic- IM will suppon VAFC (Vesa Advanced Feature Connector) in the 8bit VSVPC 
passthrough compatibility mode. 

The main difference be teen 5428 FC and Nordic FC is the fact that 5428 FC has one 
EDCLKn control pin controlling the direction of the DCLK pin, while Nordic- IM as well 
as V.APC have a FCDCLK output pm and a FCVCLK input pin. 
Dave Keene believes that 5428 FC is VAFC compatible. To ease the design. I kept 5428 
FC pin names (not VAFC pin names). 
On VAFC compatibilitv here are some comments: 

- GENCLK can be applied on XVCLK if SR22[3]=1. 

But, if SR22[31=1 (select xclk) & SR24[7]=1 (VAFC enabled), then XMCLK 
should get OSC and MCLK Synthesizer operates normally, except that the reference 
frequency comes from XMCLK instead of OSC pin* If SR22[3]sl & SR24[7]ssO, then 
MCLK comes directly from XMCLK pin and the MCLK and VCLK Synthesizers 
are powered-down !! 

- GRDY signal is sinular to OVRW. 

- VRDY is similar to EVIDEO if EVIDEO is dinamically switched as a valid data in sig- 
nal. 

- EGENn is not needed if we configure Nordic-IM in the right configuration with 
SR22[3] (XCLKPU) and SR24[7] (VAFCPU). 

- As VAFC maximum FCVCLK frequency is 37.5MH2, VAFC supports a mode in 
which data is sent at 37.5MH2 to the DAC and it each pixel will be displayed twice if the 
chip is running at 75MHz pixel clock. This allows only 8bit/pcl data to be displayed. To 
display 16bitypel data we should use both phases of the FCVCLK and pack the data into 
one pixel. I think that this is already done in 5428, if not Man-Shek and Fong-Jim are 
modifiying the 5429 RAMDAC to suppon this mode -> we need to support it too, 

- VAFC requires FCDCLK to be switchable under s/w control beteen Ix and l/2x the 
pixel clock. If we took this out of Nordic- IM data base, we should put it back, but the 
divide by two should affect only FCDCLK going out of the chip. 

Check VESA VAFC Proposal l.Op rev. 0.31 07/15/93 for VAFC timing mfo. 



NordiC'lM FC Pins Functional Description 

Most of this is from 542X Data Sheet page 3-26: 
VSYNC and HSYNC TO 
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The standard CRT pins tri-stated when FCESYNCn is L. 
Thes pms have programable polarity. 

BLANKn in 5428. If FCESYNCn is H. this is an output 
and it supplies the actual composite BLANKn CRTC signal. 
VAFC requires this to be the composite Display Enable 
(no borders). If this is the case, we'll need a bit for VAFC 
that puis DE = HDE & VDE invened on BLANKn. 



FCBLANKn I/O 
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If FCES YNCn is L, FCBLANKji is an input and it forc^N 
RAMDAC RAS\ outputs to 0 (blackj, but it should force 
them black before they go to the panel. 

It seems that by connecting OVRW output to BL\SKn as 
input we can display FC data in a window - this will work 
though only if OVRW, internally controls the pixel address 
mux between normal'VGA data and the FC data. 
FCP[7:0] I/O P[7:0]in5428. 

If FCEVIDEOn is H» these pms are outputs and 
represent the pixel address of the RAMDAC 
EF FCEVIDEOn is L, these pms are mpuis and represent 
the pixel address to the RAMDAC. 
CR1A[3:2] control the way the FCP[7:0] are muxed with 
the normal data. 

FCDCLK O (the actual pin is I/O) outputs VCLK or VCLK/2 if selected through s/w 
FCESYNCn I' ESYNCn in 5428. Controls HSYNC, VSYNC and FCBLANKn 

(H-> outputs, L-> H/VSYNC are tn-siated, 

FCBLANKn is tri-statcd.). 
Nordic does not have EDCLKn input as FCDCLK and FCVCLK are not shared. 

OVRW O OVRW in 5428 = Overlay Window. This active Low signal, is generated 

by the BLANKn VT and HT logic (shared) and is supposed 
to be used to create an Overlay Window m which data 
from the Feature Connector is displayed. / don know 
why we output this signal. It should be controlling the 
' MUX between the normal pixel address and the FC 
originated pixel address. 
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4.5.1 On the Video Port for TFT Panels 

A Video Overlay live video solution requires a TV Decoder Chip Set, a de-interiacer ui 
least a line buffer, but usually a full frame buffer), a scalar/filter/color convener chip \ like 
CL-PX0072. CL-PX0070 or the more expensive CL-PX2070). To display jjve video in a 
window at 800x600 or 1024x768 a full frame buffer is needed and some frame level syn- 
chronization needs to be achieved. 

Is there a cheap way to display full screen TV on a 640x480 panel? 
Is a video port a cheap system solution to the above problem? 

Can we design a system that uses a universal TV Decoder like SAA7 15 1 A and feeds data 
directly to a Video Port that displays live video at 640x480 30fps with no addiuonai com- 
ponents? This IS what customers require! 
Problems to solve: 

1. Accept 7151 data format: 4:2:2 YUV at 6.75MHz or 4:1:1 YUV at 3.375MHz, inter- 
laced. 

2. Synchronize at frame level. 

3 De-mteriace. Optionally display only odd fields with scan line doubling (according to 
Sasha this looks better than displaying true de-interlaced picture). 

4. Get enough memory bandwidth with a 32bit wide DRAM. 

5. Have enough storage space on the Graphics Controller to go over the CRT honzontal 
non-display memory refresh & prefetch time while Live Video Data comes at normal TV 
display speed. 

4.5.1.1 Data Format 

In order to accept YUV data, we need good up-sampling filters on U and V After up-sam- 
pling and filtering we need a Color Space Convener with 2-th complement (for 7 15 1 1 or 
excess 128 (for other TV decoders). A good 4: 1 : 1 UV up-sampiing filter is quite complex 
and requires many stages of pipe-hning (9 or 1 1) . A good 4:2:2 UV up-sampling filter 
requires less than 5 stages of pipe-lining. 

As data IS stored m TV decoder format, up-sampling, filtenng and color conversion are 
done on the CRT read side at dot-clock rate. 

Please note that 4: 1 : 1 data requires 48 bits of storage (two data packs will fill 3 32 bit 
words). 
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U.V 
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Converter 



4.5.1.2 Synchronize at Frame Level 



To avoid moving objects jagging we should display only fiiU frames. In many systems 
today this requirement is not met. For msiance play-back systems display as fast as possi- 
ble without any regard for frame synchromzation. According to Sasha this is not good for 
TV. How bad it is remains to be seen. 

If the CRT/TFT display runs at 27MHz (double TV dot-clock rate) it is possible to use a 
double buffer scheme m which we display twice each frame while writing one TV frame 
in the other video buffer and alternate the two buffers. For a 640x480 display at 4,2:2 
YUV we'd need 2MB of DRAM, as the buffers are embedded in the Video Memory 
(6 14.4KB per buffer needed). 

Even with this scheme, external VS YNC from the TV Encoder should be used to synchro- 
nize (= reset) Nordic vertical counter, so that TV and Graphics frames stan at the same 
time. SAA715 1 outputs VS (TV VSYNC) which can be used as external SYNC by Nor- 
dic. 

If only odd fields are displayed, half data is stored reducing Video Memory* requirements 
to 307KB per frame (614KB total which fits in 1MB). This is not a bad idea especially if 
the picture looks beaer! 

4.5.1.3 De-interlace 

This IS naturally done by writing data in the Video Memory. If only odd fields are dis- 
played, Nordic has to determine the field boundary by counting HS (TV HS YNC) pulses. 

4.5.1.4 Memory Bandwidth with 32bit Wide DRAM 



There are two cases: 4:2:2 YUV and 4: 1 : 1 YUV. 



A. 4:2:2 YUV Bandwidth Requirements 

CRT-dot-clock frequency = 27MHz, TV -clock frequency = 13.5MH2 
R=6m, P=2m 
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CRT-FIFO = 16 stages with 8 to write and 8 to read 
2xCRT-FIF0-filis'+ TV-RFO-empty < 2x 1 6 CRT-dotclks= 16 TV.dotciks= 1 1 85n. 
;xfR+7P) + R+7P + 3m = 3R+2 lP-^3m=18m+42m+3m = 63m < 1 185ns 

mclk-penod < 1 l85ns/63 = 1 8.8ns -> 53MHz n:un mclk frequency 

b. TV-FIFO = 32 stages with 16 to wnte and 16 to read 
CRT-FIFO = 16 stages with 8 to write and 8 to read 

4xCRT-FIF0-fiHs + TV-RFO-empty < 4x16 CRT-dotcIks=32 TV-dotclks=2370ns 
4xiR+7P) +R+15P + 5m = 5R+43P+5m=30m+86m+5m = I21m< 2370ns 

mclk-penod < 2370ns/121 = 19 58ns -> SIMHz min mclk frequency 

c. CRT-FIFO = 32 stages 16 to write and 16 to read @ 27MHz 
TV-FIFO = 16 suges 8 to write and 8 to read @ 13.SMHz 

CRT-FIFO-fills + TV-FIFO-empty < 32 CRT.dotclks=16 TVKiotclks=l I85ns 
(R+15P) + R+7P 2m = 2R-h22P+2m=:l2m444m+2m = 58m < 1 185ns 

mclk-penod < 1 1 85ns/58 = 20.43ns -> 48.9MHz min mclk frequency 

Please note that Nordic already has 32 (or 36 stages of CRT FIFO • MW\ FIFO) and 
24 stages of FB-FIFO (write + read). So if we use all the buffering area available we 
can meet case c requirements and run direct live video at 48.9MHz mclk. 

d. CRT-nFO = 24 stages (12/12) 
TV-FIFO = 12 stages (6/6) 

CRT-FIFO- fills + TV-FIFO-empty < 24 CRT-dotclks=l2 TV.doiclks=888ns 
( R+ 1 1 P) + R+5P + 2m = 2R+ 1 6P+2m= 1 2m+32m-H2m = 46m < 888ns 

mclk-penod < 888ns/46 = 19.3ns -> 5L8MH2 min mclk frequency 



B. 4:1:1 YUV Bandwidth Requirements 



a. CRT-FIFO = 24 stages ( 12/12) 
TV-FIFOs: 12 stages (6/6) 
CRT-FIFO-fills + TV-FIFO-cmpiy < 32 CRT-dotclks:rl6 TV.dotclks=l 185ns 
(R+llP) +R-I-5P +2m = 2R-i-16P+2m=12m+32m+2m = 46m< 1185ns 

mclk-penod < 1 185ns/46 = 25.7ns -> 38.8MH2 nun mclk frequency. 

Because 3x32bit house 8 pixel data, it is advisable that the number of stages m the FIFO-s 
are a multiple of 3 for 4: 1 : 1 . » 

For 4:1:1 YUV, the picture quality is not that good as for 4:2:2, the control require* 

ments are harder to meet, the filter on U and V is expensive, but the bandwidth 

requirements are easy to meet ^. 

Cirrus Confidential 

Covering the Memory Refresh and CRT-FIFO Prefeteh Time ^"^"'^"s Information 

Dunng each honzontai non-dispiay time, Nordic executes memory refresh (normally 3 
with an option of 1 - all random cycles), h/w icon and CRT-FEFO prefetch cycles. 
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At that lime the TV data comes at normal rate and has to be stored in the TV-FIFO Lc: s 
see how long it takes to execute all these cycles. 

a. With reference to case A.c. 4.5. 1 .4 

(4.2:2 YUV the case that meets bandwidth requirements at 48.9MH2 mcLk) 

X. CRT-FIFO = 32 stages, 3 refreshes, h/w icon 64x64x2 (4 h/w icon cycles i 
R+31P +3R + R+3P + 3m=:5R+34P4.3m=30m+68m+3m=101m < l'l85ns 
->m< 1185ns/100m=11.7ns -> mm mclk freq. is 85MH2 
(off by about 42mclks to get to 50MHz mclk). 

y. CRT-FIFO = 32 stages, 3 refreshes, h/w icon but prefetch 16 CRT-FIFO stages 

(no need to fiD the FIFO at the beginmng of the line). 
R+15P +3R + R+3P + 3m = 5R+18P+3m=30m-^36m+3m=69m < 1185ns 
-> m < 1185ns/69m=I7. 17ns -> mm mclk freq. is 58.2MH2 

z. CRT-FIFO = 32 suges, 1 refresh, h/w icon but prefetch 16 CRT-FIFO stages 
(no need to fill the FIFO at the beginning of the line & use extended 
refresh DRAMs). 

R+15P lR + R+3P + 3m = 3R+18P+3m=18m-H36m+3m=57m < 1185ns 
-> m < 1 185ns/57m=20.78ns -> min mclk freq. is 48.1MH2 

This case meets the minimum requirements for non-display time buffering. 



b. With reference to case B.a. 4.5.1.4 

(4:1:1 YUV the case that meets bandwidth requirements at 38.8MHz mclk) 

X. CRT-FIFO = 24 stages, 3 refreshes, h/w icon 64x64x2 (4 h/w icon cycles) 
R+23P + 3R+R+3P+3m = 5R+26P+3m=30m+52m+3m=85m < 1 185ns 
-> m < 1 185ns/85m=13.9ns -> min mclk freq. is 7lMHz 
(off by about 26mciks to get to 50MHz mclk). 

y. CRT-FIFG = 24 stages, 1 refreshes, h/w icon but prefetch 16 CRT-FIFO stages 
(no need to fill the FIFO at the beginning of the line & extended refresh DRAMs). 

R+llP + lR + R+3P + 3m = 3R+14P+3m=18m+28m+3m=49m < 1185ns 
-> m < 1 185ns/49m=24.18ns -> min mclk freq. is 4L3MHz 

Case b.y will do it for an mclk frequency above 41.3MHz. 

Note: If required, we could disable the h/w Icon and h/w Cursor when in full screen live 
video from Video Port. 
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Conclusion on Video Port Cheap System Solution 

It is possible to achieve a minimum cost mother«board solution for full screen 
640x480 30fps live video by interconnecting directly a digiul TV decoder to Nordic 
Video Port under the folJowing conditions: 

1. Prefetch only half CRT-FIFO instead of the entire FIFO 

2. Do one refresh per line (eventually use extended refresh DRAMs) 

3. To display 4:2:2 YUV use 32 CRT-FIFO stages and 16 TV-FIFO 
stages (between CRT-FIFO and MVA-Buffer we have enough 
storage now, but it has to be reconfigured). Minimum memory clock 
frequency is 48.9MHz 

4. To display 4:1:1 YUV use 24 CRT-HFO stages and 12 TV-FIFO 
suges. Minimum memory clock frequency is 41.3MHz. 



Under the same conditions, it is possible to display live video in a window with a 
640x480 TFT panel, but the image has to be scaled-down and filtered with PX0070 or 
PX0072 • a more expensive solution. Also, during the actual live video display time, 
CPU and BLT will get very few cycles. This is not a factor with full screen live video 
as the CPU does not need to access the Video Memory at that time. 

The question is now: how much cheaper is this solution relative to a full screen T\' 
with overlay ? Sasha is working on a cheap solution with overlay. 



Minutes of the Meeting on MM in Nordic in Nov. ^93 



With D.Keene, Keith, Dei and Nordic Team on 

- Video Port with 32bit memory is bwth. liinitted. It is not a good soiuiion for 32bit bus - 
belter use Overlay or Sashapak. 
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4.6 On WavePort Architecture and Audio Driver 

Staning from Dave Keene's WavePon Specificauon. Rakesh. Sasha and Vlad came-up 
with some ideas which could greatly simplify the design work for WavePoa. reducuon the 
complexity and the number of gates of the WavePort. 
We'll Stan with the small issues and move towards more important issues 

4.6.1 AUXSl and AUXS2 Pin 

A. Dave proposed to share this pm with PDN (Power Down) WavePbn Pin and configure 
It as AUXS2 when using 423 IS.. 

We nouced that 423 IS does have a PDN pin which we'd like to use to save power 
We'll put AUXS2 on another pin, 

B. Dave proposed to have a fully programmable location for AUXSl and AUXS2 CPU 1/ 
O map with a default at 530H and 388H. This is costly (4 registers and fast comparators) 
and very difficult to design at required speed: will slow down address range decode for U 
O a lot affecting command to command parameters. 

We suggest to have a fix address for these ports: 530H and 388H. 
Two register bus (one per address) can disable the chip from answering to these I/O 
addresses. 

If we are not sure where to place these ports, we can leave it as a metal option for future 
modification or have one more alternative for each, but the address should be fix for fast 
decode. 

GR58:GR5B are no longer needed if this option is accepted. We'll need two bits to disable 
530H and 388H address decode and eventually two other bits to select other two alternate 
I/O addresses. We should always decode 16 addresses: 530:53F and 388:397 (not 4 or 16). 

4.6.2 WavePort R/W Buffer Location and Size 

To simplify the h/w and reduce verification work-load . WavePort R/W Buffer Size 
should be fix: 32KB for each, enough for at least 180msec of operation -> 90msec for half 
buffer. Every 90msec the CPU will have to fill and/or empty half Audio Buffer (write or 
read respectively). 

It is also possible to place the WavePort memory buffer in a fix memory location, com- 
mon for both desktop and portable architectures. We could place it m Memory in the 
upper pan 

fin high address area)„just before the h/w cursor. If the h/w cursor takes the upper 16KB 
of the memory, we could use the next 64KB for the WavePort buffer. 
Going down in memory, in Nordic we'd place the h/w icon m the next 16KB (only 4KB 
needed now.., but leave some room for expansion) and the Half Frame Buffer for mono- 
chrome and color panels in the next 32KB and 96KB respectively. 

Total: 

96KB for CRT/TFT/SS STN panels, 
128KB for monociirome panels and 
192KB for dual scan color STN panels 

out of 1 MB or 2MB memory available. 
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When the memory is expanded, all these fix components should move automaticalK in tne 
upper side (towards the end of memorv }. 

This places the WavePort buffer at: 

- for 1MB of memory by 32 (256Kx32 -> OOOOOJFFFF} 3B000:3EFFF 
-for2MBofmcmoryby32(512Kx32-> 00QD0:7FFFF) 7B000:7EFFF 

If we adopt this solution, GR43 is not needed. 

4.6.3 On Host Access to WavePort Buffer 

In order to ensure independence between the Graphics s/w Dnver and the Audio Driver, 
taking into account AVGA limitation of no CPU accesses during BLT operation. Dave 
proposed a separate path for WavePort Host Accesses. This involves a separate 4 stage by 
32bit write and read buffer and separate arbitration for the Audio cycles. The buffer is 
shared by WavePon read and wnte operations and an I/O to an extension register bit is 
needed m order to switch from a read operation to a wnte operation or vice-versa. 
Dave also proposed that the host address be dependent on GR6 CPU address map bits 
such that the video and audio address maps don't overlap. 

Please note that this approach prevents debug with a Hercules card when in graphics. 
In the following an alternate scheme is proposed: 

- There is one register bit that enables WavePort memory write accesses and one register 
bit that enables WavePort memory read accesses. When one of these bits is asserted .the 
chip expects only host accesses for the WavePort: the host address will be automatically 
translated to a memory address inside the WavePort buffer. The access will be fully linear, 
32bit only, graphics mode independent (like in extended 8bit/pel). The Graphics block 
will be forced to this mode and all planes will be automatically enabled. On the Host side, 
the WavePon buffer will be placed always at A000:0000 - A(X)0:FFFF -> 64KB with 
32KB for read buffer (the upper side) and 32KB for write buffer (the lower side of this 
64KB segment). 

- The CPU Data Path is the same as for any other CPU cycle: no special FIFO, no special 
arbitration are required. The Audio Driver and The Graphics Dnver communicate through 
interrupts: There is an interrupt for BLT completed (Dave^s idea when presented with this 
proposal) and an mtcmipt for Audio Buffer Full (or Audio Transfer Completed). When 
the BLT is completed, if Audio is enabled on the chip, the BLT Completed interrupt 
allows the Audio Driver to check if there is any need to service the Audio and vice-versa. 
If possible, the Graphics driver should rcstnci the extent of the BLT operations to less than 
160msec or so (leaving at least 20msec to start filling the WavePon buffer). 

- There is no on chip CPU WavePon address generation. The CPU address in the range 
ACXXX):AFFFF (incremented by 4 every cycle for DW accesses) is translated to physical 
memory address 3BOOO:3EFFF. If host side WavePon pointers are used, the host address 
is latched and translated for companson with the Codec pointers generated on chip. 

Adopting this scheme would greatly simplify the extent of the design and verification 
work for WavePon: 8 weeks at least will be saved. 
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4.6.4 On the Audio Driver 



Dave proposed that the Graphics Controller has h/w^to compare the WavePon pomters 
and generate interrupts. The Codec pomters are 1/0 readable by the host as well as several 
buffer status bits (Audio- IN buffer Full. Audio-In buffer half-full, Audio-Out buffer half- 
empty. Audio-Out buffer empty,...). 

Nordic- IM will suppon Dave's proposed interrupt driven interface. 
In this case the only imponant difference for the driver will be that it wiU have to generate 
the buffers address and not rely on the h/w to do this (Dave suggests that CPU will wnie 
and read always the same address A000:0 or 8000:0 and the actual address on the host 
Side IS generated on the chip - we sugesi to change this and let CPU generate the address) 

Because CPU has to wait untill the a BLT operation is complete and the BLT has to wait 
for Audio buffer to be full or the transfer completed, two more interrupts are needed: BLT 
operation completed and Audio transfer completed. This way the Audio Dnver and the 
Video driver can communicate with each other. 



The Read and Write CPU side pointers will be generated by latching the last read and 
wnte WavePort CPU address (lower 16bits only) after translation to physical memory 
address. Comparators on the host and codec pointers will generate Buffer Full and Buffer 
Empty signals. 

Jeff On drew our attention to the fact that the driver transfers a certain size block and 
needs an interrupt anytime half of what was placed in the Audio buffer was read by the 
Codec (the play-back buffer is half empty). To make things simple for the h/w, we pro- 
pose to give Jeff an intemipi when the CODEC side playback buffer read pointer reached 
a preprogrammed value, value the dnver programs everytime it transfers a block of a cer- 
tain size m the playback buffer. For instance, if the dnver put 2KB of data in the piavback 
buffer staning from phisical address 3B000 (host address A000:0) and wants on interrupt 
when the first 1KB was read by the CODEC, it should program 3B0FF in the playback 
inienrupi register, as 1KB - 256 32bit words. The register will have 16bits and the dnver 
will program BOFF to get an interrupt when the CODEC reads 3B0FF or 7B0FF playback 
buffer address. 

Similarly, on the record side, there will be a programabie interrupt on the CODEC side to 
be used to tell the driver when the Record buffer is half full. 

' So weUl need two 16bit indexed registers for these programabie interrupts. For each 
WavePon interrupt we also need a status bit to say that ±e interrupt happened, an enable 
bit to enable the particular interrupt. As Dave proposed. GR4D is the Interrupt Status reg- 
ister but bits [0] and [2] will be the programabie miemjpts status bits. The interrupts and 
the status bus will be cleared after this register is read (automatic clear in h/w). 

We could use registers GR58:5B as high and low byte for the programabie interrupt 
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on Record and Play-back buffers respectively. 



3EFFF 




Plavback 
Buffer 




30000 
.3CFFF 






Record 
Buffer 




3B000 









The wnte-buffer (or Audio-Out =the one in which the CPU writes) is empty one Wave- 
Pon write cycle to memory after 

WRBUF-Write-Pomter WRBUF-Read-Pomter+1 
(this condition will activate set an empty flag). 
The wnte-buffer is full one WavePort write cycle to memory after 

WRBUF-Read.Pointer = WRBUF-Write-Pomter + 1 
The same equations apply to the WavePon read-buffer, only this time the read-pomter is 
on the host side and the write-f)ointer on the Codec side. 
Shouldn *t be a Audio-Out buffer full interrupt and a status bit for it? 

Threshold detect mechanism will require to increment host pointers, but the CPU is sup- 
posed to read this pointer and generate the proper address when going above the threshold 
The idea of the threshold detector is that by incrementing the Audio-In read pointer everv- 
time the wnte pmter is incremented if the Audio data is under the threshold value, the 
delta between the pointer remains the same and the buffer does not fill in wuh sub-thresh- 
old value. This was true if the half-full detection had been generated based on the delta 
between pointers. After talking to Dave, there are some clarifications to be made on the 
threshold detect mechanism for record: 

For one record sesion, this is a one time event mechanism: if the threshold was passed 
once after being enabled, its effect is lost - even if the sound level goes below the thresh- 
old the record buffer read pointer works normally. The threshold will help only m the ini- 
tial stage before the first actual voice pattern is detected, but it does not have any effect 
after the intitial triggering event - once the sound leved passed once the threshold. 

With this driver approach, GR43 and GR58:5B will not be needed. 

Five registers are saved. Twenty One register are still needed (plus two reserved = 23). 

Another possible approach for the driver uses extensively the Vertical Interrupt: 

In this case every Vertical Interrupt, the Audio Driver reads the Codec side pointers, com- 
pares them with the Host side pointers, the driver generates based on the CPU address it 
last wrote to or read from and makes its own decisions. The driver will also check the BLT 
completed status bit. 
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In other words, ever>' ISnnsec (@60Hz) . on the Vemcal Interrupt the Audio dnver can proce^i 
data from the Codec pointers, calculate based on the last address if the WavePon buffer is fuii or 
empty and decide how many more WavePon accesses to execute. As at least 180msec wonh or 
data is in a full Waveport Buffer, the driver has 6 opportunities to find out thai the buffer is empt\ 
and Stan filling it before half WavePon buffer is empty. 

On chip h/w IS still needed to stop sending data to the Codec after sending all data and to read all 
data from the WavePon read memory buffer on theliost side. Because the CPU decides when the 
buffers are full, half full or empty there is no need for registers for the pointers on the CPL* side, 
but the CPU address will still be latched to generate the host side pointers. 
The "BUT operation completed" and the "Audio transfer completed" interrupts are needed an>- 
way bacuse we share the data-path for BLT and CPU cycles. 

By adopting this mechanism in the dnver. no special h/w is needed to preserve pointers on the 
Host side, to compare the Host side pointers (read and write) with the Codec pointers and to gen- 
erate interrupts and stauis bits. The only interrupts needed arc Sundard VGA Vemcal Interrupt 
as a ume base, BLT completed Interrupt and Audio Completed interrupt. 

We can still implement the threshold detect. 

GR44,GR45, GR48 and GR49 won't be needed. 

Nine registers are saved. Seventeen register are still needed (19 with two reserved registers). 



C9^9l^gi9n 

The above proposal, if OK for the WavePon driver, would reduce significantly the amount of 
design and verification work on the WavePon. This document was written m order to get feed- 
back and reach an agreement ASAP. Our goal is to have a unique s/w model for the WavePon. 
but we'd like to cut the amount of work if possible. 



Rakesh's notes on the discussion with Jeff Ort and Dave Keene. 
11/03/93 

1. Since in Nordic, we do only IR + IP always, what happens if the bit is disabled for the host 
read at a time when ODD number of FIFO stages are filled? At Present we assume that while 
recording some SILENCE is inserted at the end of recording session and thus we can disable the 
bit as soon as driver disable it. 

Jeff and Dave Kenne both agree that even though no SILENCE is insencd at the end, it is still 
valid to disable the memory transfer immediately after the bit is negated. 

2. Threshold Issue. 

If threshold mechanism is enabled, we keep putting the samples into the AUDIO 
BUFFER. 

If the data m buffer is more than the programmed value (GR74 and GR75) and input data crosses 
the threshold value, the interrupt is generated immediately. But if data amount is less than the 
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value in the registers GR74-GR75 and input data has crossed the threshold value then ue 
wait till It crooses this vaiue(GR74 and GR75j and then interrupt is generated. 

Dave's specs talk about two pointers on the RECORD buffer, one for the CPU read 

and 

another for CODEC wnte. Both of these pointers are accessable by the CPU m his specs 
So he suggests that before the threshold is met we should fill up the buffer till half full 
condition. Once the buffer is half full, any more wntes to RECORD buffer by the CODEC 
should increment both of these pointers. In this case whene ver the threshold met we are 
guaranteed to have some information about the history of audio samples just before the 
threshold is met. At the time when threshold is met the generated interrupt should tell CPU 
that CPU can read the data from the location pointed to by CPU read pointer. 

But in NORDIC, the CPU read pointer is not accessible by CPU. Thus we keep put- 
ting the samples in the RECORD buffer and not generate the interrupt till the threshold is 
met even though we might pass the programmed value for the interrupt. At the time when 
the threshold is met, the interrupt is generated if CODEC wnte pointer is past programmed 
number. If threshold is met before the CODEC wnte pointer passes the programmed num- 
ber, we wait till it does cross the programmed number. So the driver for Nordic should 
store the CPU address at the time when the threshold mechanism is enabled. So at the time 
of interrupt CPU can calculate the amount of samples m the BUFFER. 

3. Independent control for IN / OUT mono / stereo . 

Codec read and write are independently controllable for mono or stereo input / out- 
put. 



4. Jeff agrees with die usage of OFFSET register GR9 to generate the CPU side adress 
for audio, instead of NORDIC generating the adress automatically. 



Minutes of 11/20/93 Meeting with Keith, Del and Dave Keene 

1- We need to check if WavePort accesses work with linear addressing 
fSR7 - aperture register). 

2. Make sure that OverRun Status is there even if OverRun Interupt is 
disabled* 

3. Enable looking for threshold onlv after you reach the given address. 

4. Bit GR6Er61 should move to GR6Er3l 

5. Talk about proeramable address for AUXl and 2. 

6. Check out arbitration for audio throughly. 

7. Check overrun interrupt during threshold... alwavs programmed 
interrupt after crossing threshold. ?? Rakesh may understand this!! 
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4.6^ Registers specs for the AUDIO o£ NORDICl-M. 

GR60 Wave Port Control 1 

7 Reserved 

6. Reserved 

5. Enable audio for host accesses. 

4. Select 4215 

3. Stereo for reciever (i:e STEREO CODEC) 

2. Stereo for transmitter (i:e STEREO NORDIC) 
1.0 Data Format select 

00 16 bit 

01 8 bit 

10 4 bit 

1 1 reserved. 
GR61 Waveport control 2 

7. Reserved 

6. powerdown control ™> 0 will force low on PDN. 

5. Enable command mode. 4215 must have been placed in COMMAND mode by forc- 
ing 

low on D/C* pin. 

4. ' input level in SDI in command mode. 

3. output level on SDO in command mode. 
2. output level on SCLK in command mode. 

1 . output level on FS YNC in command mode. 
0 output Slate of D/C* pm. 
GR62 Input Audio Threshold setting. 
7 0 Available only for 16bit mode. Only +ve data is compared i:e if msb of left data 
is 1 no compare is performed. 



GR65 

7. Enable Threshold detect mode. 

6:0 Reserved 
GR66 7:0 Audio Input Codec write pointer low byte 
GR67 Audio Input Codec write pointer high byte 

7. Enable input from codec to audio buffer. 

6:0 Audio Input Codec write pointer ( low 7 bits of 15 bit pointer) 
GR6A 7:0 Audio Output Codec Read pointer low byte 
GR6B Audio Output Codec Read pointer high byte 

7 Enable output to codec from audio buffer. 

6:0 Audio Output Codec read pointer ( low 7 bits of 15 bit pointer). 
GR6C : Interrupt Control. 

7:6 Reserved. 

5 Standard VGA Interrupt disable. 

0 "> Allow VGA interrupt 

1 "> Disable VGA interrupt. Cirrus ConfidentiaJ CL 152722 
4:2 Reserved. Business Information 
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I 


Auaio input interrupt control — > uLKirsu KciwUrcu ocooIU.n 




0 "> disable this interrupt source. 




1 — > bnable input ouiier run uk progranirnea run interrupts. 


U 


Audio Uucput miemipi control -> L'LivirNvj ri-A i ocooivjrN 




0 "> disable this interrupt source. 




1 "> Enable Output buffer empty OR programmed empty interrupts. 


GR6D 


: Interrupt Status. 




Indicates any acuve enabled interrupt. Reading this register will clear the interrupt 




State and reset the status. No effect on the standard VGA interrupt status or inter- 


rupt. 






For All of the following 1 in the bit means PENDING INTERRL'PT. 


7:6 


Reserved. 


5. 


Standard VGA Vsync interrupt (state of 3C2(7))- 


'4. 


Reserved. 


3. 


Record Buffer FULL (OVERRUN). 




Record Buffer PROGRAMMED FULL. . . 


1. 


Play Buffer EMPTY. (U'NDERRLTM) 


0, 


Play Buffer PROGRAMMED EMPTY. 


GR6E 


: AUXl and A LTC2 control 



7. Enable Aux Sel 1 low-true output on adress match 530-53Fh. 
6. Enable Aux Sel 2 low-true output on adress match 388-397h. 
5:0 Reserved. 
GR6F: Code status. 
7-4 Reserved 

3 Timer status (ADD time slot 6 bit 7 

2. ovenange (OVR) time slot 7 bit5 

1 . PIOl input status, time slot 7 bit 7 

0. PIOO input status, time slot 7 bit 6 
GR70: Codec control DWORD from Nordic to codec, byte D7:0 
GR71: Codec control DWORD from Nordic to codec, byte D1S:8 
GR72: Codec control DWORD from Nordic to codec, byte D23:16 
GR73: Codec control DWORD from Nordic to codec, byte D31:24 
GR74:75 Interrupt value for audio IN buffer. 

When CODEC reaches the programmed adress -U an interrupt is generated dur- 
ing the 

record session. 
GR76:77 Interrupt value for audio OUT buffer. 

When CODEC read pointef reaches the programmed adress -1, an interrupt is 
generated during the play session. 
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4.7 Four Bit per Pel Packed Format 

To fully support Windows Chicago, Nodnc-IM should suppon 4bitypel packed fonmat, 
CPU will be able to write only 8bits or more at a time. To modify only 4bits the CPU will 
do read modify wnte and mask four bus (bnng them from CPU latches) 
The following picture shows the actual format: 



Memory Data 

3 0 15 1211 8 23 20 19 16 31 2%Z^ 



PO 

msb ist 



PI 
msb 1st 



P2 

msb isb 



P3 



P4 



P5 



msb Isb msb Isfai msb Isb 



P6 

msb Isb 



24 



P7 
msb Isb 



Pixel Left Pixel Right 

1-st pel 2-nd pel , 3-rd pel 4-th pe] 5-ch pel 6-th pel 7.[hpel 8-th pel 



In order to get Nordic- IM to support this mode, we need to place the VGA Video Data 
Path m 8bit per pixel mode with pixel doubling (mode 13) but disable the mechanism that 
concatenates adjaisant 4biis to make one 8bit pixel displayed twice (at a divided by two 
RAMDAC VCLK) and disable as well dividing by two the RAMDAC VCLK. 

On the CPU side chain 4 address scrambling should be disabled and data should be 
shifted right like in extended 256 color modes. 

In nordic-regs-rev9.1st we assigned SR26[0] to enable this graphics mode. 



4.8 Robin's Ideas on High Resolution Panels for Nordic- IM 

Nordic's objective is to be able to center and fill the screen on 800x600 panels and to cen- 
ter an 800x600 picture on 1024x768 panels. The mam focus is 800x600 panel suppon 
TFT and dual scan STN. 
In TEXT there will be three options: 

- horuonial and vertical centering with 9x16 fonts (disable 640x480 force to Sdots font) 

- auto-cxpand the font to fill the screen 
, - special font to fill the screen 

In Graphics there will be tree options: 

- horizontal and vertical centering 

- use a driver to run at maximum resolution 

- automatic expand to 800x600 (only if s/w vcnficaiion shows it being OK). 

In all cases horizontal and vertical options will be decoupled (different enable bus). 

Here's a list of what needs to be done: 

a. Expand horizontal and vertical centering capability from 640x480 to 1024x768. 

Cirrus Confidential CL 152724 
Business iDforroatioD 

Nordic-IM Design Specification rev.5.2 December 21, 1998 40 



Cimis Logic. Inc Confidential Information 



b. Shadow all H/V CRTC registers except HDE and VDE, 

The vertical registers are shadowed now. but the horizontal registers are not 
We need to shadow CRO, 2, 3, 4 and 5. These registers will be written by the BIOS at 
POST. The same mechanism to enable/disable venicaJ shadow is used to enable/disable 
honzontal shadow. 

c. Suppon lOdot character-clock and CRT-FIFO-Read / Shift/Load (Video-Serializer 
Load). Now only 8dot and 9dot character-clocks are supponed. For smooth-scrolling the 
pel-pan has to be expanded to 10 pisiiions (0:9). " 

d. TEXT auto-expand will be as follows: 

- honzontal; replicate the last pixel once for 9 dots wide fonts and twice for 8 dots wide 
fonts. 

- vertical: replicate all odd scan-lines 



TABLE 3, Font Expansion for DifTerent Panel Sizes 



Font-Size/Panel-Size 


480 


600 


768 


8x14 


8x19 


10x21 


10x21 -t- center 


Sx8 with scan-In. doubling 


8x19 


10x24 


10x24 + center 


9x16 


8x19 


10x24 


10x24 + center 



Please note that in text vertical expansion is done on the scan-line counter as well as the 
vertical display line counter, but it does not affect the vertical non-display line counter. 

e. Graphics modes expansion (to be implemented only after s/w verification j 
Graphics expansion is less important as it is assumed that imponant applications will run 
at maximum panel resolution with a driver. 

We'll need to supply drivers for many applications with high res. panels !I 
Verucal expansion: 

- 3501ines -> replicate all odd scan-lines 

- 4001ines -> replicate all odd scan-lines 

- 480 lines -> replicate every 4-th line 
Honzontal: 

- center 

- duplicate every 4-th pixel 

■ dupllLaiL nvLij i piALl with diaguual Alilfi 
f iLaiiMiiiL 0 ' lit pU, scau ' liuL 1 Ind [kI ALaii ' iiiiL 2 3id ptl al^i - Iiul 3 *^ 4ih ^;el 
T 

f. Please note that when character clock is expanded to 10 dots, h/w cursor also needs to 
be positioned at 8 or 9, so it needs one more bit of fine position. 

SR2E[0] will be the msb of h/w cursor (default zero) to be used in this case. 
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4.8.1 Panel Horizontal Timing Control in Nordic 

If in Terminator all panel timing is based on HSYNC and VSYNC 
programing, in Nordic it will be independent of HSYNC and VSYNC 
programming. 



Horizontal Timing for 800x600 panel with 640x480 picture: 
CRT-HDE 



640dotS 



4dots Panel HDE SUrt 

HRRST I I ^ 



. Pan«l H. Display Width^dots 

n ■ -n 



LAS 

'HDE ^i^Q^ 



4,8 or 12dots 
LLCLK ^^^^\ I 



Registers for Panel Horizontal Timing Control 



This nmt of four registers ar« \xmmd to g«n«rate horizontal 
panel timing with 640x480 or 800x600 pan«la and to center 
horizontally a 640dots or 720dote pictiire on an 800x600 
panel. 

CR40 No Center Panel HDE Start Register 

[7:0] Panel Borizontal Display Bnable Start relative to 

previous HDB start, in 4 dot--elkock units. The dot- 
clock 

used is never divided by two. This register is used to 
program Panel Line Clock Start and Panel Display Enable 
Start with both 640x400 and 800x600 panels any time no 
horizontal centering is needed. 

CR41 Panel KDE Start Register to Center 720 dots 

[7:0] Panel Horizontal Display Enable Start relative to 

previous HDE start, in 4 dot*clkock \inits. The dot- 
clock 

used is never divided by two. The value in this register 
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will hm automatically uaad by Nordic to control Panal 
Lin« Clock and Pan«l Horizontal Display Enabla Start 
anytime a 720 dot mode (text or graphics - RIX mode 

only) 

is cantared on an 800x600 panel. If horizontal expan- 
sion 

is on CR40 is used. 
CR42 Panel HDE Start Register to Center 640 dots 



[7:0] Panel Horizontal Display finable Start relative to 

previous KDB start, in 4 dot-clkock units. The dot- 
clock 

used is never divided by two. The value in this register 
will be automatically used by Nordic to control Panal 
tine Clock and Panel Horizontal Display Enable Start . 
anytime a 640 dot mode (text or graphics ) 
is^centered on an 800x600 panel. If horizontal expan- 
sion 

is on CR40 is used. 



CR43 Panel HDE Dot*Clock Skew Control Register 

[7; 6] Panel Line Clock Width: 

0 a 4 dot-clocks 

1 s 8 dot-clocks 

2 « 12 dotclocks 

3 « reserved 

[5:4]CR42 value fine (dot-clock) skew: 

0 -> no skew 

1 -> delay Panel HD8 start by one dot-clock 

2 -> delay Panel HDS start by two dot-clocks 

3 -> delay Panel HDX start by three dot -clocks 
[3:2]CR41 value fine (dot-clock) skew: 

0 -> no skew 

1 -> delay Panel HDB start by one dot -clock 

2 -> delay Panel HDB start by two dot-clocks 

3 -> delay Panel HDB start by three dot -clocks 
[1:0]CR40 value fine (dot-clock) skew: 

0 -> no skew 

1 -> delay Panel HDB start by one dot-clock 

2 -> delay Panel HDB start by two dot-clocks 

3 -> delay Panel HDB start by three dot -clocks 

By programming this skew, it is possible to compensate 
internal delays on Panel HDB for diferent types of panels. If 
all delays are matched the skew fields should be zero to 
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align with character clock. 

Automatic switching between these three registers will be 
done based on CRTC and Sequencer prograjuming and the type of 
panel used 

(640x480 or 800x600). 

CR 44 Horizontal Panel Display Width Register 

The value in this register is expressed in 4 dot -clocks 
(never divided by two) . 

[7:0] Panel Display Width in hex expressed in 

4 dot-clock chunks. As it is used to compensate 
for internal delays, this value is close but 
not exactly 640/4 or 800/4* 

4.8.2 Horizontal CRTC Registers Shadowing 

In order lo run VGA programs on 800x600 panels^ Nordic needs to shadow the horizontal 
timing registers except the display enable end, which is application dependent. 
(Tl has shadows only for horizontal total.) 

This IS because all horizontal tinung registers but HDE have to be set-up for 800x600 in 
order to run an 800x600 panel. Symulscan with 800x600 panels runs even the CRT as an 
800x600 display in all graphics modes. 

In Tl as well as in Nordic, vertical panel registers are mapped at R2x. R3x.... accesibie 
when CR2D[7] = 1. In nordic these registers remain there. 

IN Tl there are two registers: ROx and Rlx which represent HTot shadows, accessible 
with CR2D[7] They are no longer used in Nordic, but there is a replacement for them, 
independent of CR2D[7]. 

In Nordic, H Total, H Retrace Start and End, H Blank Start and End are shadowed. Each 
entity has two values to chose from: a value for dclk/2 and a value for dcik not divided by 
two. The effect selection is done automatically based on SRI [3] value, but for access there 
IS a selection bit: CR2C[4] to control which of the two sets of registers gets read or writ- 
ten. 
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Here is a summary of the horizontal shadow registers and its controls 

CR2C[5] write protect for horizontal shadow 

1 -> wnte both the shadow registers and the corresponding standard VGA 
registers fields (some registers are not accessed eniierly but only in their tinung 
part) 

read back the shadow registers 

0 -> wnte only the standard honz. tinung VGA registers (the shadov. registers 
are write protected). Changing onlt the value of these registers does not 
have any effect over the CRTC timing, 
read back the standard VGA honz. timing registers 
CR2C[4] Select the set of horizontal timing shadow registers to be used 

(low rcz or normal ). This bit is reutilsed fromTl: it was low power R.AMDAC 
mode - tie now the logic L) . 

0 -> select Ry for access 

1 -> select Rz for access 

To diferentiate from the Rx registers which still exist as in Tl, and are venicaJ 
panel registers. weUl call the two sets of horizontal shadows mapped in the same address 
space Ry and Rz (Ry = normal. Rz = dclk/2 case) 

The effect of Ty and Rz is controlled by SRI [3] (dclk/2 bit). 

The Horizontal Timing shadow registers are: 

ROy^ R02y,z R03y,2 (only lower bits) R04y,z R05y,2 (only lower bits) 



When CR2D[7] =1 we can access only the panel registers: R2x,... RBx. In this 
case we cannot access either the VGA standard registers or the honzontal timing shadow 
registers. Please note that ROx and Rlx are reserved in Nordic. Their function is 
replaced by ROy^. 

Standard VGA CR0,2,3,4.5 honzontal timing registers (only the timing fields) do 
not have any effect on the CRTC: only the shadow registers have effect. 

Note: Vcrucal Blank registers CR15 and CR16 arc only write protected m Tl - not 
shadowed. This seems to be an error... so they should be shadowed m Nordic. 
When using blank as overlay, DEn becomes blank and the shadow registers create the 
overlay both horizontally and venically, but they are no longer write protected by 
CR2C[3] or [5]... As in 5428, they will not be write protected at all as the overiay is used 
only under MS Windows which is a controlled envu-onmeni. 
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I/O bus 
access if- CR2C[51=0 



access if CR2C[4]=0 
CR2C[5]=i 



CRi. 1=2.3-4.5 



SR1[3] 



LCD 



i 



access if CR2Cf4j=i 
CR2Cf5]=l 



Riv. i=2;3V4.5-' 



i 



Riz. 1=:.: 



Horizontal Timing Values 



T 



Honzonial Timing Values 



4.9 TV-Out Support in Nordic-IM 

Nordic's objective is to be able output data to an analog TV Encoder chip thus supporting 
a cheap way of displaying on a TV. The main apphcation is graphics, probably under 
windows, TV display and tape-recordig are of interest. 

Nordic will run in a locked interlaced mode at 13.5MHz for NTSC and u will use the LCD 
panel suppn shadowing mechanism (the shadow Horizontal and Vertical CRTC registers) 
10 prevent the application from changing the CRTC set-up. Even the dotclock frequency 
will be locked. Horizontal and vertical display enable will be open to the apphcation. 
Nordic will provide analog RGB, Composite SYNC, NTSC/PAL and TV-ON to the TV 
encoder. AD720 and MCI 377 analog TV encoders that accept RGB input will be sup- 
ported directly (with no glue logic). 

Nordic will have edge skew h/w on the appropriate signals in order to meet the TV Stan- 
dards timing requirements . 

In this mode Nordic will not be able to run a panel or a CRT monitor.., no simulscan sup- 
ported with TV-OUT. But the same system will display on a panel, a CRT monitor or a 
■ TV with minimum glue logic. 



Digital TV Encoders are not supported. 



All standard VGA modes plus 640x480 8bpp can be supported, though special set-modes 
are required, as they all run interlaced. I suspect that we'll end up supporting only a few 
important modes. Should we compress text to 8dot wide fonts? 
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NORDIC 



CSYNC 
NTSC/PAL 



TV ON 



AD720 



A 



/ 



HimpjRf^ 
IF 



I 



CVIDEO 



R.G.B 



HSYNC. VSYNC 



CRT 



TABLE 4. Data on TV SUndards 



i 

i PIXCLK 


Multiples of Line 
Frequency 


Active Pixels per 
Line 


i 

Field Rate 


12.2727MHz 


780xFH 


640 


60Hz 


14 75MHz 


944xFH 


768 


50Hz 


13.5MH2 


858xFH 


720 


60H2 


13.5MH2 


864xFH 


720 


50H2 



Signals to be supplied by Nordic: 

- CSYNC = Composite SYNC signal 

- NTSC/PAL = a programable output selecting the TV Standard NTSC ( 1 ) or PAL (0) 

The value of CR30[2] comes out on the pm. 

- TVON =-H for the TV Encoder to be ON, L for it OFF. The value of CR30[3] comes out 

on the pm. If CR30[3] =0, CSYNC and NTSC/PAL pins are L. 
In Nordic- IM all these signals will come out to the panel pins when a certain configura- 
tion bit IS enabled. 
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Vertical Timing 

Vertical Blank and the appropriate CRTC registers are programmed to generate Blank 
which in TV case is the actual Display Enable. 
For NTSC program 9 lines of VBlank. 

For PAL program 7 lines of VBlank. In h/w Nordic will generate 7 5 lines of 
VBlank in this case by delaying the trailing edge by 0.5 Une 

Vertical Sync Registers will be programmed for Field Sync generauon 
For NTSC program 3 lines. 

For PAL program 3 lines and get 2.5 lines by delaying the leading edge b> 
half line. 

Horizontal Timing 

Two basic pulses are generated: 

- HREFl = Horizontal Reference 1 which is HSYNC start with 64 dotclocks width 

CR30[1:0] controls the fine skew of this edge by increments of two dot- 
clocks. 

- HREF2 = Horizontal Reference 2 which is a pulse marking the middle of the line 

between two HSYNC stan edges. CR19[7:0] are used to program the stan of 
this pulse. 

CR30[1:0] conu-ols the fine skew of this edge by increments of one dot-clock. 
Note that HREFl and HREF2 skews are in sync: HREF2 skew is half HREF I skew. 
Honzontal Total is 858 dot-clocks at l3.5MHz for NTSC and 864 dot-clocks at 13.5MHz 
for PAL. 

Composite SYNC Logic Equation is: 

CSYNC = [(HREFl + HREF2) & VS] trigg368dclk-pls + -> Field Svnc (serration I 
[(HREFl + HREF2) & VS*(S:VB] tngg32dclk-pls + -> Equalization 
[HREFl & VB*] tngg64dclk-pis -> standard sync during display time 
Where: VS is Venical Sync programmed time 
VB IS Venical Blank programmed time 
* is a logic negation 

trig32dclk-pls means: on the rising edge of this signal generate a 32 dot-clocks 
wide pulse. 

There are four ways to connect the video encoders and the CRT. We are now in the pro- 
cess of deciding which one is the best: 

1. The simplest way to connect the TV decoder is to assume that the CRT 
Monitor should not be hooked to the notebook computer at the time the TV is. In this case 
we can put a high resistance voltage divider (2K0hm) to get the required 0.7V or l.OV 
full swing to the decoder. The 2K0hm voltage divider will not practically affect the 50 
Ohm resistance on the CRT, when the CRT is hooked on. The disadvantage of this method 
IS that it requires a CRT to be disconnected from the note-book computer when connecting 
a TV. The TV encoders get RGB input through an AC connection (a capacitor) so the DC 
source may be a high resistance. 
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The advantage is that it is simple and low cost. 

2. There are no buffers or other resistors than usual We control the RSET reso 
tor value on the LM334 current source dependmg on the presence of the CRT Monitor 
hook-up or not. If the CRT Monitor is not hooked-up, we adjust IRef so that DAC-b tuii 
swing output voltage is 0.7V (or l.OV) with a 150 Ohm load. If the CRT Monitor is 
detected to be hooked up, RSet will be left as it is now. The adjustment is done automati- 
cally with a transistor. This approach requires a programmable output ( from Nordic or 
Core Logic) to control RSei value. The detection of the CRT Monitor presence is done b> 
s/w Che standard VGA way. 

3. Put 50 Ohm load on the DAC output and feed it to the TV encoder and to an 
Analog Voltage Repeater that drives the CRT Monitor RGB lines. This way DAC output 
IS always 0.7V full swing independent if the CRT Monitor is hooked to the notebook or 
not. 

This approach works for AD720 but not for MCI 377 which requires IV full swine. 
With this approach the presence of the CRT monitor cannot be detected VGA stvle 
(incompatibihiy issue ?). 

4. Leave the CRT path unchanged, except for a low resistor shunt added in 
series. Convert the constant current delivered by the DAC into voltage that is amplified to 
NTSC/PAL level depending on the type of encoder used. Requires fast operational amph- 
fiers on each gun, but allows operation with or without CRT connected and color com- 
pare. 

This looks to be the best scheme but it is also the most expensive. The op-amp can be used 
also as a filter to limit the spectrum and avoid cross talk m color modulators. 



Note: According to Fong-Jim Nordic DAC has some oprtational limitations: at 5V 
DACVDD. if the load is 150 Ohm and the DAC input is all ones rFFH) the output will be 
indeed 2. 1 V as expected. 

If the load decreases (to more than 150 Ohm) , the output voltage will be increasms up to 
2.7 V. At that point it will stop increasing: the DAC will be oui^'of its operational ranee 
This is OK for what we are trying to do with TV-OUT. 

At 3.3V though, according to Fong-Jim the DAC output will foUow the load onlv up to 
about 1 . 1 V. This would require a 50 Ohm load at all times. With a 50 Ohm load the max- 
imum DAC voltage at both 5 and 3.3V is 0.7V, within the operauon range. 
The question is: how to add a 75 Ohm load when there is no CRT in there? 

I see two simple solutions: either use TV-OUT at 5V DACVDD (switch CVDD and 
DACVDD to 5V for TV-OUT) or make an external connector similar to a CRT connector 
that one plugs into the back of the Notebook when the CRT is not m use. This connector 
should have 75 Ohm resistors to GND on RGB lines. 
There may be other solutions too... everyone is invited think. 
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Three Dossiblf wav^ to cannecA an Analog P AI./NTSC TV Encoder to DAC output. 



1. 

R.GorB DAC output 
Pn-^ 



CRT Connector 



150 
Ohm 




CRT Monitor 



2.1V max 

with CRT 
disconnected 



1.4K0hm 



TV 

Encoder 
AD720 



0.7KOhm 




CRT Monitor 



Automatically Adjust IRef to get 0.7 V max 
if CRT not connected and 0.7V max if 
CRT is connected. 



TV 
Encoder 
AD720 



0.7V max 



50 

Ohm 



1 



0.7V max 



CRT Monitor 
CRT Connector^ 



Analog Repeater 



75 
Ohm 



TV 
Encoder 
AD720 
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DAC 




0:14mA. 



t 



R3 



MAX408 



IREF=6.67mAmp j I [J 
10 Ohm 



Av=R2/Rl 



R3 parallel R4= 
=R1 parallel R2 




I ^0:0.714V ; 
I Av=5\ — — 

; R-fM 



CSYNC 

NTSC/PAL 
TVON 



lOK 




AD ! 
720 




CRT 



This scheme convens 
current from the DAC 
seen as a current 
source to a proportional 
voltage. This way it does 
not matter if the CRT is 
connected or not. 
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4.10 HAV ICON Support for Nordic-IM 

Nordic- 1 M will support a h/w icon with the following features 

- Up to 4 64x64 Icons displayed at the same time as a venical bar. 

- All Icons move together and they are inedex by 64 scan lines. 
The Icon stan reference point is top left comer. - 

- Horizontal Resolution is one pixel programed coarse as character clocks and fine 
as pixels exactly as a h/w cursor. 

- Vemcal Resolution is one scan-iine, 

- Each Icon has mependent display control for 

-icon number i enable for display (i=0:3) 

- display mode: Scolors + transpency or 4 colors 

- blink enable at text cursor rate (or half of it) 

- honzontal pixel doubling (extendes towards right) 

- vertical seal line doubling (extends down) 

- mamory map selection: two maps available per icon 

- H/W Cursor goes on top of H/W Icon 

- Icon memory model is and phisicai address space are very similar to h/w cursor 
Actually the icon resides in memory in h/w cursor area: Nordic supports half the number 

of h/w cursor maps 5428 does and uses the remaining space for icon maps. Eight 64x64 
icon maps are supponed: two for each icon we can display. Icon memory map assignment 

is fix. 

HA\^ Icon S/W Model 

Icon position will change at set mode if it is not compensated. BIOS should service the 
icon so that it keeps the position stable in all graphics modes: read current position and 
translate m the same position in the new graphics mode. The BIOS should have a call to 
set-up the h/w icon position and another call to control which icon is displayed and how 

What we need: 

a. Horizontal Start Position in character clocks and pixels 

Will be programmed exactly as h/w cursor at SR10,30.50,70.90,B0,IX),F0. 
(or SR "odd" "zero"). The upper 3 bits of index define the fine (vclk) position. 
SR2A[6] is the fine postion msb to be used with 9 and lOdois fonts.See 542X Reference 
Manual page 9-13, SRIO descnption. 

Note: 1 . If character clock or vclk change (8/9/10 dot cclk or vclk/2) the honzontal 
position should be adjusted. 

2, As with h/w cursor the honzontal and venical position of the icon are synchro- 
nized: s/w writes the horizontal position first, but the new position effect takes place only 
after vertical position was updated. 

b. Venical Stan Position in scan lines. 

Will be programmed exactly as h/w cursor at SR 1 U3 1 ,5 1 .7 U9 LB 1 ,D U 1 . 

(or SR "odd" "one"). The upper three bits of index define the low order three bits 
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of posiuon in scan lines. See 542X Reference Manuai page 9-14. SRIO descnption 
How will Nordic know to program icon or cursor 

One bit will tell if icon is programmed instead of cursor. As the icon position is pro- 
granruned seldom, this mechanism does not affect penormance while saving address- 
decode h/w. 

c. Enabling icon position modification by CPU is done m the same register h/w cursor is 
enabled. SR12. 

SR12(3] Enable CPU access for Icon Position Modification 
(default:0 = disable = use the same I/O address for cursor position modification) 
This bit affects both horizontal and vertical position. 

d. Icon and h/w cursor memory map selection: 

5428 uses SR13[5:0] for 32x32 h/w cursor memory map selection (64 maps) and 
SRI 3 [5: 2] for 64x64 h/w cursor memory map selection (16 maps). 

In Nordic, SRI3[4:0] still select h/w cursor memory map, but the memory address bit 
which in 5428 is controlled by SR13[5] is no longer controlled by SR13[5]. It is controlled 
by an internal signal whose value is always 0 when a h/w cursor is addressed and 1 when 
icon is addressed. So in Nordic SR13[5] is no longer used to select a h/w cursor map. 
Only half of the 5428 h/w cursor memory is available for Nordic h/w cursor memor>' map. 
In Nordic there are 32 32x32 and 8 64x64 h/w cursor memory maps available. 

The icon address is generated exactly as the h/w cursor address, but the source of the 
address map selecuon is no longer s'r13[5:0] (it cannot be as SR13 is used for h/w cur- 
sor). SRi3[5] is also noy used. To generate icon mamory map select, a two bit counter 
counts the first, second, third and fourth set of 64 scan Imes on the Venical Total Line 
Counter (the one not affected by venical expansion). This two bit counter output, called 
the Icon Index Counter (ICIXCTR) will replace SR13[4:3] in Icon Memory Map Address 
generation. 

A signai called ICON-MAP will be generated dunng Icon addressing. This signal is 1 if an 
icon data is to be fetched from memory and 0 otherwise (including when h/w cursor data 
IS to be fetched from memory). 

ICON-MAP Signal will replace SR13[5] in both h/w cursor and icon memory map selec- 
tion address. 

One register bit in each icon control field will select the first or second memory map for 
each icon to be retrived from memory. This bit called Icon Memory Map (IMM)*will 
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replace SRI 3(2] in icon memory- map generation. 



i 5428 64x64 h/w cursor address^R13(5:2) part: 

I bS b4 b3 b2 

* t ., T . 

Nordic 64x64 h/w cursor address, R13(S:21 part: ▼ 
I ICON-MAP=0 b4 b3 b2 

i - T i T , 

I Nordic 4x64x64 icon address , replacement for R13[5:21 part: T 
i IC0N-MAP=1 ICIXCTR[1] ICIXCTR(01 IMMi 

1 
i 
I 

where ICIXCTRfl:01 is the Icon Index Counter 

IMM is the Icon Memorv Mao bit in each icon control register 
ICON-MAP is a signal that is high for icon address and low otherwise 



1 



e. Icons Control Registers 

Each Icon has a field of bits attached to it 

0.- icon 1 enable for display (i=K):3) 

1 display mode: Scolors + transpency or 4 colors 

2. - blink enable at text cursor rate (or half of it) 

3. - horizontal pixel doubling (extendes towards right) 
4 - vertical scal line doubling (extends down) 

5.- mamory map selection: two maps available per icon 

Six bits per icon, all defaulting to zero. The icon enable bits select which icon is displayed 
Start at SR2A register. 

Use SR2A^B^C,2D[5:0] for Icon 0,1.2,3 control. 

If an icon is not enabled, do not generate the memory cycles for its data... if it is not difficult to do. 
and do not display that icon. 

f. SR2A(7] is Icon Test bit Normally it is zero, only in test mode it will be 1. 

g. The colors for the Icon are in the 16 location RAM extension at location 258. 
See SR12 description m 5428 Technical Reference Manual. 

Locations 256 and 257 are accessible with pixel address 0 and F for h/w cursor access. 
Locations 259. 260, 261 and 262 are accessible with pixel address 3,4,5.6 as icon colors 
0,1,2 and 3. 

When three colors plus transparent attribute is used, the pixel addresses will be 4.5,6, for colors 
1,2,3 (so pixel address 3 and color 0 of the 16 location special RAM are not used). 

h. SR2A[6] is the most significant bit of fine honzonial position for the h/w icon; 

SR2A[6] SRX[7] SRX[6] SRX[5] -> bitS bit2 bitl bitO 
Please note that SR2A[6] will be used only in 9 or 10 dots text when the fine position is 8 or 9. 
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I. Please note thai when character clock is expaiidcd to 10 dots, h/w cursor also needs lo 
be positioned at 8 or 9. so u needs one more btt of fine position. 
SR2E[0] wiH be the msb of h/w cursor (default zero) to be used in this case. 

H/W Activity for Icon 

1 . Horizontal and Venical Window 

2. Address Generation including the independent scan-line counter for Icon 

3. Memory cycle generation (at the end of hne, after h/w cursor if icon and cursor are on 

the same line) 

4 Icon Latch. SeriaJizer and Data Path including icon blink 
5. Horizontal and Vertical Doubling 



hot 



Ico 



Icl 



Ic2 • doubled 



Ic3 I 
i 



point ^ 

= Icon reference 
point 



Icl 



Ic2 



Ic3 



Cirrus CoDfidentiaJ cj 
Bws'ness Information CL 152739 



Nordic-IM Design Specification. rev.5.2 December 2L 1998 55 



Cirrus Logic. Inc Confidential Information 

Icon Data Path Block Diagram 



^Icon-bitO I 

64bit SerO f ►) 



-Icon-bul 



I 



64bit Serl h 



Icon 
Decod- 
er 



i cursor & Tr-Cursor* 
j hde 
Icon I j 
Pel-Add if i 



Cursor 
Pel-Add 





1 


J - 




/ border 




pel-add 





Tr-Icor 



Four-Colors 



I Tr-Cursor 
hde 



WGA.RAM-Sel^ 



Pel-Add ' :5^jx'!S 
i RAM 



16x18 

RAM j \ 

Tt 



Where "Tr ' = transparent 



True-Col-»>MVA-data 



True-Color 




A-data I 

\ \ 



Video Data 
to DAC and Panel 



4.11 Dithering in Nordic 

Due to new pixel depth modes and for increased flexibility the dither block in Nor- 
dic IS diferemi than T 1 . 

In Nordic the dithenng is subtractive, (not additive like m Tl). This moves the 
dither error (= double shade) to black where it is less obvious than it was before 
(when it was white). ' 

CR4C - Input Resolution Override Register for Dithering 
Bit Definition 

\7] Enable Input Resolution Overnde (default disable) 

Normally the graphics mode resolution is decoded and fed to the 
dither block. 

For all graphics modes that go through the RAMDAG RAM • Sbits/ 
gun is automatically the input resolution. For 5:5:5 RGB or 5:6:5 
RGB or 8:8:8 RGB we use 

Cirrus Confidential 
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a diferent input resolution: 5 for 5.5:5 and 5:6-5 and 8 for 8 8 8 RGB 
In all cases the proper input resolution is automatically selected 
If there is a need to ovende this value, than we wiill use this bit to enaoie :n 
override and write the new value in bits 3:0. For 8 bit per gun we write 8 / ' OCC 
for 6 bits per gun -> 6 (0110) and tor 5 bits per gun -> 5 (0101) 
[6'41 Reserved 

T 

[3 0] The binary value of the override input resolution 

1000 -> 8bit/gun 
0110->6biVgun 
0101 •> 5biVgun 

CR4D • Output Resolution Register for Dithering 

Bit Definition 

[7:4] Reserved 

[3:0] The binary value of the output resolution for dithenng 

1000 -> Sbit/gun (TFT) 
0110->6biVgun (TFT) 
0100 -> 4b it/gun (TFT or 16 shades STN) 
001 1 -> Sbit/gun (TFT or 8 shades STN) 
0010 -> 2bit/gun (4 shades STN) 
0001 •> 1 bit/gun (2 shades STN) 
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IS 

16 
15 



.'En I IRes Reg 



J 



DEN 



STN/TFT 



ORes Reg 



4 



R.G.B.M 



.BLAKfli \ 8 TFT 

col ' £ R.G.B 



IRES [3.0] 



ORES (3 0) 



DCI 

!PC(3:01 LCC.O^ 



DCLK 



PCf2:0] 



PLine[2:0] 




TFT: 8,6,4,3 bus/gun 

STN: 4,3,2a bits/shade ( 16+1,8+ K4+1. '2+1 shades, +1 = force black) 



Nordic Dithering 
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4.12 Core-VDD Control 

Because Nordic can run higher frequency memorv* -clock at higher Core VDD (5V) but :t 
offers maximum power savings at low Core VDD f3.3V). we look for a mechanism to 
dinamicaJly switch at set-mode or when going into suspend from 5V to 3 3V and vice- 
versa. 

This \^ouJd allow for instance to run 24bpp 640x480 mode at 5V CVDD w^hile s^^ itching 
back to 3.3V when going into suspend mode or when switching to a 4 or 8bpp mode 
All Nordic needs to do in this case is supply a programable output to be used to switch an 
external circuit 



^ 5V 



PRO 

=0V -> 5Vout 
:5V -> 3.3V out 



1 Ohm (optional swtching protection) 



Si9942DY 
Siliconix 



to CVDD 
► of the chip, 



lOOnF 



3.3V 



GND 



SEL3.3VI = Suspend + Reg-Bit 

Use PAL/NTSC pin and CR30[2] as power control pm.when TV-OLT 
capability is not ever used in the system. 

Use PRO pin and CR30[7] as power control pm, when TV-OUT is used. 



The value written m CR30[2] always reflects on the NTSC/PAL pin which thus can be usd 
as a generic programable output. 

in a system without TV-OUT capability, NTSC/PAL bit and its output pin can be used to 
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control when CVDD is 5V or 3 3V This way, in most modes the chip ma> be opumesed 
for power runnmg at a lower mclk frequency, while m certain modes it will be optimised 
for performance, Tunning at 5V CVDD and a high frequency mclk (higher than what can 
be run at 3.3V). Because NTSC/PAL pin is tied to CRTVDD which is 5V m most systems., 
this bit is the first choice for the CVDD switching function. 



5.0 Nordic-IM Pinout Specification 
208 pin package: 

System Interface (reference is VESA VL bus): 21 
(on BVDD) 

DAT31:0 

HIMEM0/ADR[24] (normally used as ADR[24], but it can be used as any upper address 
or any logic combination of upper addresses. The valid value of this pin for 
Nordic address space is programablc in VESA VL and PCI bus. 
HIMEM1/ADR[25] (normally used as ADR[25]» but it can be used as ADR3 1 and leave 

2GB of upper address space reserved for MPEG/JPEG boards). The valid value 
of this pin for Nordic address space is programable in VESA VL and PCI bus 
With these two pins, Nordic can directly decode up to 64MB of CPU address space 
in VESA VL bus. 
ADR[23:2] 

BE3n.BE2n.BEln,BEOn 
LADSn.LDEVn.RDYn 
M/IOn. W/Rn 
RESETn, LCLK 
RDYRTNn, 

EBROMn/SLEEPIn (Enable BIOS ROM Buffers on all busses or when not in ISA 

or SLEEP Input active L. If this pm is L. the chip goes in sleep mode as if 3c3[0] 
IS 0 or 46E8[3] is 0. The ISAPU read-back register bit configures the pin ror 

EBROMn. If not tn ISA bus. this ptn is configured as SLEEPIn and it should be 
tied H if not used. 

INTR, CLK32K, 0SC7XVCLK (14.31 8MH2 or External VCLK) 

SUSPI/BLl SBYI/ACn/FCEVIDEOn cirrus Confidential 

(32KHZ clock input. Business Information 

Supend Input/ Back-Light Input 

Stand-by Input/ Activity InputA^AFC External Video Control Input - controUs the 
direction of FCP[7:0]. Pin configuration controlled by VAFCPU. Most systems 

will 

use only one direction for VIDEO, probably video in, so the fact the FCE VIDEO is 
on BVDD should not require voltage translation), 
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Configurations: - VL/PCI/ISA bus, support/not BIOS, 8/16bit BIOS 

- Need a register bit to seJect SUSPEND input or Back-Lieht Input 
Default IS SUSPEND Input. 

- Need a register bit to select Stand-By Input or Acuvuy Input Default 
Stand-By Input. 

- SUSPln, BLIn. SBYIn. ACTIn are level triggered, active L inputs 
In Nordic there is no Suspend pin polarity bit as in T I (SR8[4) i 

Note : a.ln PCI bus. Alpine used ADR17;2 as BIOSA15:0. We assume that ail portable 
systems will use a motherboard video BIOS and do not support an adapter BIOS in 
PCI. We do support an adapter BIOS in VESA VL bus and ISA to facilitate demo 
board design. 

b. EBROMn is active on all bus types: m ISA is generated on Address Decode and 
MEMRn, while in VL and PCI is unlatched address decode. In PCI bus the BIOS should 
be relocatable, an option we do not suppon. That is why we say that we do not support 
BIOS m PCI- We do suppon lOCHRDYn and RDYn/TRDYn for BIOS accesses too. All 
this logic should already be in 5428 (ISA and VL) and Alpine (PCI). 

c. The- 5428 Feature Connector pms are available in all buses. A register bit enables 
them early m the logic to save power when not in use. 

d. In ISA RESETn has to be inverted outside the chip. 



Svstem/Bus Interface gigpal Mapping 

(See 54xx Reference Manual for Feature Connector Pins DescnpDon: FCyyyy) 
TABLE 5. VESA-VL <•> PCI bus <•> ISA bus Pin Mapping 



VESA-VL 


Intei-PCI 


ISA 


HIMEM 






\DR23 16 




LA23 16 


.\DRl5-9 




SAlf:9 


ADR8 


PAR 


SA8 


ADR7 


STOPn 


SA7 


ADR6.2 ^ 




SA6:2 


BE3n 


C/BEn3 


SAl 


BE2n 


C/BEfi2 


SAO 


BEln 


C/BEnI 


SBHEn 


BEOn 


C/BEnO 


RFRSHn 


DAT31.22 


AD3l;22 




DAT21 19 


ad:! 19 




DAT18 


AD18 


MWRn 


DAT17 


AD17 


10CS16n 


DAT! 6 


AD16 


IRQ 


DAT15.0 


AD15:0 


SD15:0 
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TABLE 5. VESA-VX <•> PCI bus <-> ISA bus Pin Mapping 





Intel-PCI 


ISA 


RESET 


RESET 


RESETDRV 


LADSn 


FRAMEn 


BALE 


f HFVn 


DEVSELn 


MCSl6n 


RDYRTNn 


IRDYn 


AEN^ 


W/Rn 


IDSEln 


lORn 


M/lOn 




MRDn 


LCLK 


CLK 


lOWn 


RDYn 


TRDYn 


lOCHRDY 


EBROMnA'ADRn 


VADRn 


EROMnA^ADRn 


INTR 


INTR 


ZEROn 



Notes: 1. SW2, SWO/MCLK/XMCLK and SWl puis are 

normally used by the BIOS as panel type switches readable on SR24[2:0]. ■ 

2. XMCLK and XVCLK (on OSC/XVCLK) are needed for manufacturing test of 
the chip. When they are used, SR24[ 1 :0] will wiggle at clock rate and they should 

be masked on the tester. 

3. MCLK and VCLK are needed for manufacturing test of the clock synthesizer 
and for chip debug. 



DRAM Interface (for assvmetric. dual WEn 256Kxl6 DRAM«5): 50 
(on DVDD) 

MA9-0 
MD31.0 

RASOn,RASln,CASnAVEn, OEn 

\V^On/C ASOn,WE 1 n/CAS ln,WE2n/CAS2n,WE3n/CAS3n 
Configurations: symctric/assymecric DRAM, dual WEn/CASn 

Note: a) For dual CASn DRAMs. the WE0n:WE3n pins become CAS0n:CAS3n. while 
CASn becomes WEn. 

b) Two RAS-es are used for two banks. 

c ) OEn is not actually needed as we use early write. ^. ^ «^ 

Cirrus Confidential 

Business Information 

Cloc}c Synthesizers: i 

(MAVDD, MAVSS feed mclk clock synthesizer, VAVDD. VAVSS feed dclk clock syn- 
thesizer) 

CL 152746 
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MAVSS, VAVSS, MAVDD. VAVDD, 
MFILTER. VFE.TER 

(Can we design a clock synthesizer without an external filter':') 

CRT & TV-OUT Interface and RAMDAC related pins: 13 

tDAVDD, DAVSS feed ail RAMDAC custom layoutj 

R.G.B unalogi 

IRef, DCVDDU DCVDD2. DCVSSI, DCVSS2 



On CRTVDD: 

HSYNC , VSYNC TO (these two pms are on CRTVDD ) 
CS YNC O (Composit Sync to be used with any analog TV Encoders like AD720. 
CSYNC is activated by SR25(4]=l, otherwise is forced 0.) 

NTSC/PAL O 

( A programable output that can be used to control a TV Encoder input that 
selects the TV standard. This pin is a generic programable output. 
Its value IS not affected by SR25[4].) 

On FPVDD; 

TVON/RES O (Generic Programable Output controlled by CR30[3] . 

It can be used to control AD720 TV Encoder Power Control Pm.) 
TVON is on FPVDD (not on CRTVDD like the other TV-OUT pms) 
This pin IS also reserved for future use (DRAM-s), 

Note: If TV-OLT feature is disabled CSYNC, NTSC/PAL and TVON are forced L 
(to avoid powering up the TV Encoder in case it is powered off when not 
in use). 



FLAT PANEL a nd Power Management Interface (on FPVDD): 31 

R7/SUD3, R6/SUD2, R5/SUD1, R4/SUD0. R3/SUD7. R2/SUD6, R1/FCP[3], 
R0/FCP(2]. 

G7/SLD7/sud3/UD3m)7, G6/SLD6/sud2/UD2/TD6, G5/SLD5/sudl/UDimD5, 
G4/SLD4/sudOAJDO/TD4. G3/SUD5, G2/SUD4. Gl/SUSPSTn/FCP(l], 
GO/SBYSTn/FCP[0] 



B7/SLD3/sld3/LD3yTD3. B6/SLD2/sid2/LD2n"D2, B5/SLDi/sldl/LDlyTDl. 
B4/SLDO/sldO/LDOyTD0, B3/M0D, B2, B 1/OVRW, BO/FCVLK 

Cirrus Confideotial 

(use slow edge pads and stagger them modulo 4) Business iDformatioo 
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FPVDCLK. LLCLK. LFS. FPDE. (use slow edge output pads) 
FPVCC. FPBL. FPVEE 

.Notes. 

b. R I ;0, G7 1 :0» B 1 :0 (24 bit TFT panel extra video data out pms ) 

c. We need also bits for SUSPST and STANDBYSZ PAiSEL-ON/OFF. PAS EL- 
IS'POWER'UP'Or-DOWN. Dwarka, do we have this now ? 

d. We assume that only STN panels need external MOD 

e. No NPD pm. 

f. FCP[3:0] pms are I/O-s whose direction is controlled by FCEVIDEOn in 
VAFC configuration. FCVCLK is the clock that clocks them in and which should 

be used to clock them while they are displayed or at least to resynchronize ihem before 
being latched on the internal clock. FCVCLK is always an input when in VAFC configu- 
ration. 



Nordic TFT Panel Data Pin Name versus the accual TFT Panel Data Signal for diferent types of TFT Panels 



Nordic Pin Name-> 
/Panel Type 


RGB7 


RGB6 


RGBS 


RGB4 


RGB3 


RGB2 


RGBl 


RGBO 


8bit/gun 


RGB7 


RGB6 


RGBS 


RGB3 


RGB2 


RGBl 


RGBO 


RGBO 


6bit;gun 


RGBS 


RGB4 


RGB3 


RGB2 


RGBl 


RGBO 


N.U. 


N.U. 


4bit/gun 


RGB3 


RGB2 


RGBl 


RGBO 


N.U. 


N.U. 


N.U. 


N.U. 


3bit/gun 


RGB2 


RGBl 


RGBO 


N,U. 


N.U. 


N.U. 


N.U. 


N.U. 



Where N.U. = Not Used for Panel Data with this type of panel. 



Audiu Port (un ADVDD ^ ± Removed on 12/24/93 

GDQ fGCiial DaiA Ouipui lu CODEC pin 5DPi) 
5DI (SLual Data input fiuui Codiii: pin 5D0UT) 
rg\? ^ X (naiiic Sjmt Omput) 
GDCLK (QLiial Data CIulK VO ) 

D/Ciu^AUXGl (DatayCuuaol Qtlciit Output oi CS4231G Cliip SlLh foi thu ISA buA) 
PDN (Puwu Duwu Output) 

fm 24 bit TTT paiiUs, ui wliitli laal iIil tliip 
duts nut Auppuit tiiu audiu poit. N o t e ab o that CS4215 has ReaetH pin. 

Misceliaqeous Pins: 12 

Cirrus Conndentiai 
Business Information 

Following Dins on MVDD: 

CL 152748 
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SW2/RES4CS I ( Switch #2 or reserved for SDRAM support in the future) 
SW1/RES4CKE I ( Switch #1 or reserved for SDRAM supporr in the future ■ 

SWO/MCLK/XMCLK I/O with PD controlled by XReset 

(Switch #1 or mclk driver buffered output for tesing and debug 

or external mclk for tesimg; a special register bit disables this 
output m normal operaiion'for power savings 
Default: Input on which either SW2 or XMCLK comes in 
Only if the special register bit 

is set, this input becomes output and outputs MCLK from the clock 

synthesizer for testing. 
The special register bit defaults 0 = the pm is 
configured as Input. Please note that a h/w configuration PU/PD 
controUs if the' actual internal mclk comes from an internal or 
external source, but this PU/PD does not control if 
SW2/MCLK/XMCLK is an input or an output.; 

RES4PMS Free Pin with no buffer on it. 

Following Pins on PVDD: 



TRWn I (Test Latch Load Enable, active L - for pinscan & test mode) 

VCLK/FCDCLK I/O (Switch #0 Input or vclk driver buffered output for 

testing and debug, or VAFC Dot-Clock Out ; 
Default for this pin is Input on which SW#0 is applied: 
VCLK and FCDCLK is the same signal, the name is 
diferent to ease reference to VAFC spec ) 
FCP[7:4] I/O Feature Connector Data Pins bits 7 to 4. 

The other Feature Connector pins are shared with some 
panel or host bus pins. 
FCESYNCn/RES4SDCLK I 5428 Feature Connector ESYNCn pin • controlls the 

direction of FCBLANKn and us effect and tn-states HSYNC and VS YNC. 
FCBLANKn I/O Feature Connector active low bidirecuonal Blank signal. Its 
direction is controlled by FCESYNCn. 



Digital. Mixed Voltage Power Pins: 22 

BVDDU BVDD2, FPVDDl. FPVDD2, MVDDU MVDD2, CRTVDD. 

CVDD 1 :4, Cirrus Confidential 

^SS 1:11 Business Information 

ToUl Pins Used: 208 (with two Reserved pins and three other pins that could be freed.) 

Plnout Modifications in rev. 3,8 relative to rev. 3,7 09/11/93 



CL 152749 
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I Took-out Whisper Suppon Pins V.'WRn, WRdn, WAD[3 ,01. FPCn 

2. Reduced the number of CPU Address Pins. ADR(24.:7] went-a\^ay Use HINIEM to 
place the chip outside 16MB of memory for linear addresmg 

3 Killed CRTVDD and placed CRT Interface on Host Bus VDD. 

4. Introduced VAFC pins in a unique pinout configurauon in both VESA VL and PCI 
Added VAFCPU a puil-up to enable VAFC (VESA Advanced Feature Connector) 
ADR[27:24] VAFC pms, and R[7-4], G[7:6] , EROMn/V.ADRn. SUSPl/BLI. SBYiy 

ACTI eet a configurauon for VAFC •> total 14 pins. 

SWO/VCLK will be used as VAFC VCLK, losing SWO pin as panel type when VAFCPU 
is used. 

In PCI bus. no ADR pin will be shared with VAFC. 

ASWOPU (Alternate Switch 0) will be added on MD pms to replace SWO pin when 
VAFC is enabled by VAFCPU. ASWOPU will read-back in the same register bit as SWO. 
so the BIOS wiU not feel any modificauon m the repomng scheme. The chip will draw ■ 
more power in suspend with VAFC. 

5. Moved SW2, SW 1/MCLK/XMCLK the two reserved pins (one obtained by killing 
CRTVDD)and TRWn on MVDD to prepare for SDRAM pm compatible option in the 
next Nordic that suppons SDRAMs. Marked them as "reserved for SDRAM pin name" 
It looks that TRWn will not be needed, but it was moved on MVDD so that in case it is 
needed, it is available (m this case we'll need an extra switch for SDRAM support or at 
least to disable TRWn test mode effect). 

6. Rearanged VAFC pins as pins R4 and R5 were used by VAFC - an error. 

Pinout Modifications done on 01/06/94 rev. 3.0 

1 Update Panel Data Pins based on Robin's Table. 

: Move MOD pin on a Panel Data Pin used in I8bu TFT 

3 Move OVRW on a 24bu Panel Data Pm. 

4 Removed pin configurauon for TV-OUT support with digital encoders. All pins marked TV' 

were removed. As a result, some pins like LLCLK, LFS. FPDE. FPVDCLK have one function no* 

5 Removed WavcPon pins, including AUDVDD: lotaJ 7 pms freed. 
AUX2 and TVG muxcd on EBROMn are no longer needed either. 

6. Added one more CPU address pin: instead of HIMEM. Nordic has now HIMEMO and 

HIMEMK corresponding to CPU Address 24 and 25 or any other external decode of the high 
order CPU address bits. In the proccess of adding this pin. most CPU Interface pms on the 
right side were moved to the nght by one pm. 

7 Added CRTVDD supplying HSYNC. VSYNC, CSYNC. NTSC/PAL CRT and TV Interfaces 
output buffers. 

8. EBROMn is shared with TVON. the power-on signal for AD720. So. m ISA bus with on chip 

BIOS suppon, AD720 power on cannot be directly controlled by Nordic. 
9 Added pms for Analog TV Encoder suppon - AD720 and MCI 377 . 
a. CSYNC = Composit Sync signal 

b NTSC/PAL = 0 •> NTSC. i-> PAL CiiTus Confidential ^ 

Business Information 
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c EBROMn/TVON (s«*8/ 

10 ASWOPU "Alternate Switch OPuil-l'p" puii-up on pin 155 MD[26] was removed asS^O 
IS now not multiplexed 

1 1 Demiltiplcxed some of the pins previously multipJexed. 

a. Pin 168 TWRn/RESUPMS is now RES4PMS. a pin reserved for synchronous 
DRAM support. 

b SUSPI/BLI/FCBLANKn is now SUSPI/BLI. not affected by ihe 
Feature Connector Enable Configuration 

c. As a consequence of b. pin 97 is FCBLANKn (not muxed with anything.' 
Please note that FCEVIDEOn is stiil muxed with SB YI/ACTI as before, as 
Standby Input and Keyborard Activity are less important functions in a system 

d. SWO is no longer muxed on VCLK/FCDCLK. So VLK/FCDCLK is a pm 

but It moved to pin I03'in the PVDD area, to be consistent with FC power supply 
12. SWl. muxed on MCLK/XMCLK (pinl97) became SWO. This is just a name change to have 
the switches placed in a more consistent manner. 

13 SW) is now muxed with a reserved pm; RES4CKE. pin 148. which before was toaiiy 
reserved. The idea here is to go for pu/pd with SDRAM-s for SW2 and SWI . while keeping 
SWO on MCLK even with SDRAM-s. 

14 Pm 147 IS Reserved. It is actually one of the WavePon pins, but placed in-between Memory and Panel 
VDD busses (on MVDD) for maximum flexibility. To acheive this, the pins on its nght were moved to the 
nghi by one 

FPVEE <BIAS> moved down to pm 98 (it was 105) 

1 5 TRWn is now by itself on pin 96. on FPVDD. 

16 The names of all flat panel data pins reflect the panel type table attached to this document. 



Cirrus Coofidentiai 

Configuring Nordi<?*|M Business Information 

If Terminaior used specially assigned pins to configure the chip, Nordic-IM will use 
some of the MD31:0 pins sampled on the Reset trailing edge, similar to Mustang. 
The pad ceils will have an active pull-down controlled by an extended Reset signal. 
The pull-down resistence will be about 75KOhm. An external pull-up less than 60KOhm 
IS needed only if the option is used. In Suspend, the MD pads are inputs and the DRAM 
OEn IS H so no DC current is drawn by the configuration h/w. An external resistor is 
needed only if the configuration pin has to be H at Reset. .H/W configuration can be read 
via &/w too. 

All h/w configuration latches are read accessible via I/O. The h/w configuration is 
latched on Reset trainling edge, (these latches were r/w, with s/w PU read, having 
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only read is enough). 

We'U define the configuration pins to minimize the number of external resistors: 



CPU Bus Configuration: 

OnMD18:16& no externa] PU = 32bits VESA VL bus at 33MH2 or less bus clock 
& MD23 -> MD16 PU = 32bus PCI bus with Burst PU called 'PCIPL'- 
-> MD17 PU = 16bits ISA bus PU called "ISAPU" 

ISAPU controls also the pin EBROMn/SLEEPIn 
In ISA bus this pin is EBROMn output; other\^ise ii 
is SLEEPln input to be tied H if not needed 
-> MD18PU = 32BIT VESA VL BUS AT 50MHZ BUS CLOCK 

PUi^^lg^ "FVLPV 
-> MD23 PU = 32bits PCI bus no Burst PU called "PCINBPU" 
This IS a reserved configuration in case burst does 
not work on a PCI bus. 



Reads-back in SR22: 

PCIPU onMDI6 o SR22[0] 
ISAPU on MD17 .>SR22[1] 
FVLPU on MDI8 -> SR22[2] 
PCINBPU on MD23 -> SR22[7] 

Clock Configuration: 

OnMD19 (reads back on SR22[3]) 

-> no external PU = internal MCLK and VCLK clocks, from the iniemal clock 
synthesizer 

-> MD19 PU = use external clocks from SWl/MCLKTXMCLK and 
OSC/XVCLK 
PV called-XgKPU- 

This PU IS used for manufacturing test. 



One reg. bit is needed if intemal clock is selected to control oucputing mclk on the 
MCLK/XMCLK pm = 1 if use internal clock then output it on SWO/MCLK/XMCLK 
pin. -> SR23[0] is this bit. 

Cirrus CoDfldeDtial 
Business loformatioo 

Memory Configuration: SRF[Oj 

No Pins, Use Two Register Bits -> 2CAS/2WE bii=H 2WE, bit=L 2CAS (default =L) 

-> Sy metric/ Asy metric bit=:H Asym., bit^L Svm. 
(default=L) 

BIOS Support: (reads-back on SR22[6] for BI0S8PU) ^ 52752 
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Nordic- IM supports I6bu or 8bu BIOS and only m ISA bus configurations 
The BIOS 15 always supported when m ISA 

On MD:2 -> no external PU = i6bit BIOS 

-> external PU - 8bit BIOS (no MEMCS 16n decode on COOO) 
This option IS mosciy for debug in case 16 bit BIOS range decode is not fast enough 
if the BIOS suppon ts disabled, this configuration is don't care. Called "BI0S8PL'" 
Please note that Nordic-IM supports COOO BIOS only in ISA. 

In a normal note-book the BIOS is at £000:0 or C000:0 but it is not supponed by Nordic, 
so no external component is needed. 

Sleep Address Selection: 

On MD2 1 : Sleep Address Selection (reads-back on SR22[5]). 

-> No external PU = sleep at 3C3[0] - to be used when Nordic is on the 

Mother- board (most cases) 
-> External PU = sleep ai 46E8[31 - to be used when Nordic is an adapter 
(like a PCMCIA card and/or an adapter to turn desktop into an 
environment fnendly PC) Called: S46PU 
Note that Nordic- IM comes-up awake. 

Feature Connector Configuration: (reads-back on SR24{7]) 
OnMD25: 

-> No external PU = no Feature Connector Suppon: outputs used only for FC 
are forced L. I/O are forced inputs, I/O and inputs are forced on the chip so that they do 
not take power if not connected externally. 

-> External PU = All pins needed for FC including OVRW are active. 
Called- VAFCPU 

Oij MD20. — AitauAiL SWO ScltLiiuu (Reads - back uii GR24[0] whui 5I124[7] ia 1) 

ToUl: 9 H/W PU configuration options. 

In normal operauon with FC enabled up to three external PU-s may be needed (bus type 
if not VL and FC). 

In normal operation with FC disabled up to one external PU-s may be needed (bus tvpe 
if not VL and FC) 

Summary of PU/PD Configuration Pins and Register Bits where they can be read-back: 

Cirrus Confidentiai 

SR22 f7:01 H/W Configuration Read Register #1 Business Information 

Read only register, written on reset uraining edge by activating PU/PD on MDi pins. The 
PD-s are inside the pads active only during XReset (extended reset). 

CL 152753 
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[7] 32bit5 PCI bus no Burst h/w PU configuration on MD23. It is called 'PCCS'BPL 
(read only bit). 

This IS a reserved configuration m case burst does not work on a PCI bus. 

[6] Select 8 bit BIOS support (if 1 ). Otherwise 16 bit BIOS suppon if the BIOS 
support is at ail enabled. PU on MD22. 



[5] Resereved for Sleep Address Select: reads back S46PU (MD2 1 }. 
1 = I/O address 46E8[3] as sleep address (needs external PU). 
0 = I/O address 03C3[0] as sleep address (no external PU is needed). 

[4] Reserved 

[3] Select external clocks: MCLK and VCLK on SWOMCLK/XMCLK and OSC/ 
XVCLK. (default: miemal clock synthesizer* SWO and OSC). 
PU on XCLKPU on MD 19. 

0 = internal clocks with the pins used as inputs for panel type switch #1 and OSC, 
If SR23[4] and SR23[0] are 1, VCLK and SWO/MCLK/XMCLK, 
respectively become VCLK and MCLK outputs respectively, for test purposes 
(only if SR22[3]=0 MCLK can be seen, but VCLK can be seen even if SR22[3]= 1 
as iongasSR23[4]s=l) 

1= SWO/MCLK/XMCLK and OSC/XVCLK become XMCLK and XVCLK inputs 
generating directly chip MCLK and VCLK without clock synthesizer. The clock 
synthesizers are powered down if SR22[3]=l. 



[2] Select VESA VL Bus at SOMHz 

1 = VESA VL bus at SOMHz selected (needs external PU on MD18) 
0 = VESA VL bus at SOMHz not selected 



[I] Select ISA Bus with PU on MD 17. 

1 = ISA bus selected (PU on MD 1 7) Cirrus Confidential 

0 = ISA bus not selected (no PU on MD 17) Business Information 

[0] Select 32bit PCI Bus with PU on MD 16. 

1 = 32bit PCI bus selected (PU on MD16) CL 152754 
0 = 32 bit PCI bus not selected (no PU on MD16) 

If [1:0] = 00 (i.e. no external PU on MD17:MD16) 32bit VESA VL bus is selected 

No more than one PU on MD17:MD16 should be used. 

Note: In AVGA3, CF14 is "Enable Local BUs Address Latching Interface", Alpine does 
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not have this configuration bit We need to do what was done in Aipine to set nd of ihi> 
Configuration Puli-up/PuU-Down option. C.A.V we Was this done, Dwarka ' 

SR24 Panel Type Switches Register 

[7] VAFCPU (VESA Advanced Feature Connector External Pull-up) Read-back. 
If external pull-up (the bit read-back 1) then all VAf C pins are configured for Video Port 
Otherwise they have other functions or are disabled if no other function. (Disabled= the 
inputs are forced =: the TTL and CMOST threshold controls are off & the outputs are tri- 
staied. It actually reads back what is latched on Reset on VAFCPU. VAFCPU is on 

md:5. 

[2:0] SW2:0 pins read back (read only bits) PIlasu hull that bit [0] ilaJs batk 5VV0 if 
VATCrU (5R25[:]) !5 Q aiid A5W0rU if VAFCPU iS l.AGWQPU is vii MDZO 

Configuration Register Bits needed: 

Svmetric/Asvmetnc DRAM -> SR8[7] in Tl. CF13 in AVGA3 

=>SRF[I] 0 = Symetric DRAM Default: 0 
1 = Assymetric DRAM 
This bit is read only in AVGA3 (reads back CF9), but it is writable in Tl. It con- 
trolls MCLK frequency as an altemaie to SRIF. We will use only SRIF to program 
MCLK frequency in Nordic. The default MCLK frequency will be 39.374MHz, corre- 
sponding to SR1F[5:0] = I8H=22D. This frequency fully meets the spec for -80 256Kxl6 
DRAM-s. 



Two CAS or two WE DRAM -> pm 72 in Tl. CF12 in AVGA3 

=>SRF[0] 0 = 2 WE DRAM (Default:0) 
1 = 2 CAS DRAM 

1 6 or 32bit wide Video Memory ( Qng r>r Two '^S^tfif 1 DRAM-s or SDRAM-s) 
-> not m Tl, SRF(4:3] in AVGA3 (01 = 16bit, 10=32bit) 
=> SRF[7,4:3] will be used in Nordic with the same encoding as in AVGA3 

(1 1 is reserved for 64bit wide). Default: 10 (32bit). See Table next page. 

Please note that we have room to add other types of DRAM-s (SDRAM-s 

for instance). 



In AVGA3 SR8(0] is "CS OUt to EEPROM" a feature Nordic does not Support. 
Nordic will not change the meaning of A VGA3 bits unless they are read only 
(like the pins or external PU read back). 

SR8(2:0] are in Tl the read-back bits for SW2:0 input pins, but AVGA3 uses 
them for EEROM programming so we moved SW2:0 read back to SR24[2:0]. 

In Tl SR8[7] is symmetric/assymetric addressmg... in Nordic this is SRF[1]. 

Cirrus ConfideDtial 

Business Information 1527 
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Two or one Bank 32hit wide DRAM 

-> not in TK SRF[7,4:3] in AVGA3 fOO=8bit, 01 = 16bii, 10=32bit. i i=:64bit. 
SRF[7] controls if 2MB of Video memory are available with 4x5I2kx8 -0- or with 4 
256Kxl6DRAM-s, twobanks /r seems that in AVGA3 to support 1MB ^^ith-rwo 
256Kxl6 dram-s and 32bit wide bus, we select 32bit wide and SRF[7J... but I do not 
exactly know how this configuration is selected. 

=> SRF[7.4:3] in Nordic, will select the Vide^ Memory Configuration shehtK dif- 
ferently than in AVGA3 and Alpine. See the following table. 



SRF[7] SRF[4] SRF[3] Memory Configuration 



new 0 0 0 32bit, 2MB=4x512Kx8 

0 0 1 I6bit, 512KB=lx256Kxl6 

0 1 0 32bit, lMB=2x256Kxl6 (default) 

0 1 1 Reserved (64bit in Alpme) 

new ■ 1 0 0 32bit, 2MB=4x256Kxl6. Two Banks 

1 0 1 Reserved 
1 1 0 Reserved 
1 1 1 Reserved 



DRAM Timing selecr (short RAS or long RAS) 
-> SRF[2] inTlandAVGA3 

=> SRF[2] in Nordic, default 1 = shon RAS (3.5 L. 2.5H) 

glO? ^8Kjg Qr "^2KP ■> not in Tl; CF8 in AVGA3. In Tl SR8[4] is Suspend pm polanty. 

In Nordic Suspend pin is always active L (0 on pin puts the chip 
in Suspend). 

=> SR23[2] in Nordic =0 32KB BIOS (defauli=0) C0000:C7FFF 
= 1 48KB BIOS : C0000:CCFFF 
The initial BIOS code should be placed m the first 32KB stamng at address COOOO. 

SIPS I^QM ZERO* wait select m ISA and fast timing in VL bus 
-> not inTl;CFl in AVGA3 

=> SR23[1] in Nordic =0 no ZERO wait state for BIOS in ISA 



=1 ZERO wait state for BIOS in ISA. 8MHz 
bus 

Output internal VCLK on vn yjFCDCLK pin -> not m Tl or AVGA3 

=> SR23[4] in Nordic =0 

VCLK/FCDCLK is an output pin forced L 

= 1 either VCLK or 
FCDCLK is outputed on this pin, 
. . depending on VAFCPU (read back in SR24[7] value). 

If SR24(7]= i (Feature Connector pins enabled) than FCDCLK is outputed. otherwise, if 
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SR23[4]=l than VCLK is outpuied. VCLK out is needed only for manufacturing test 



Output mtemal MCLK on SWO/ MCLK/XMCLK nm -> not in T I or AVGA3 

=> SR23[0) =0 this pin is an input nameiv 
XMCLKif SR22[3]=1 (enable external clocks) and SWO otherwise' 

-i output mclk 

This pm will normally be used as SWO, except for manufatunng test where mclk and 
xmclk functions are needed. 

Suspendl/BLI hit -> not m Tl or AVGA3. 

=> SR23[5] in Nordic, 0= Suspend pin in Suspend/BLI pm (default; 

1= BLI pin on Suspend/BLI pin 

SBY/ACTI/FCEVIDEQn bit. -> not in T I or A VG A3 

=> SR23[6] in Nordic, 0= SB Y on SBY/ACTI pin (default) 
1= ACTIonSBY/ACTIpin 
If SR24[7] = 1 ( VAFC pins enabled) this pin is FCEVIDEOn independent of SR23[6]. 

VAFC Enable hir not in Tl or AVGA3. 

(read only bit, actually reflecting the status of an external configuration PU* VAf CPU on 
MD25 latched at RESET or under SAV Control) 

=> SR24[7] 0= VAFC Disabled at pins. 

All VAFC dedicated pins 
are disabled to save power: 
inputs are disabled, outputs 
are L. I/O-s are disabled inputs 
(forced H) internally. 
The shared pins are not in 
Feature Connector 
configuration. 
1=VAJFC Enabled at pins. 
If any shared pins, they are now in Feature Connector Configuration. 
All dedicated pms are active in this configuration. 

CgmPrgSSgd Live Video fSashaPack^ Enable h\t .> not in Tl or AVGA3. 
=> SR24[6] 0= disable (default) 
1= enable 

Cirrus Coafidential 
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Panel Type Switch Read-back -> SR8[2:0] in Tl or SR7[6:4], not in AVGA3 

=> SR24t2:0) in Nordic, read only, wntable on Reset or 
under S/W Control (SR24[3]) 
When SR24[3] whose default is 0, transits from 1 to 0 
SW2:0 pin value is latched into SR24[2:0 which cannot 
be wniten by I/O. 

Please nfiig that R9x[l:0] TFT Panel type field of Tl was expanded to support 24bii TFT 
panels: 

00 -> 9bit(333) (asinTl) 
10 -> 12bil (444) (asinTl) 

01 -> 18bit (666) [was xl in Tl covering both 01 and 10 !!] 
1 1 -> 24bit (888) -> new in Nordic 

Notes: 
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0.1 a. If 24bit TFT oanel is sclecied. all rclaied pins will be confieured for it and it has 
Dnontv over panel pins confieuration settings for cross talk reduction enabled 

b. MOD i s sele cted onlv with STN panels. 

c. If 24bit TFT is not selected and VAFC is not selected, then SUSPST is selected 
on 

. Gl/SUSPSTn/FCPfn and SBYST is selected on GO/SB YSTn/FCPfOl 

d. Panel Data unused output pins are forced 0 when not in use (depending on panel 
type) " r ^ 



SR25 Timers S/W Reset, H/W Config. #2 & Packed Modes Register 

[7] The 85 14A RAMDAC address is decoded as valid RAMDAC address in addition 

to the standard VGA RAMDAC address. 
[6] Allows use of EBROMn as external 85 14A RAMDAC 

In this case it bahaves like 5428. 
[5] Enable Ibii/pel packed mode 
[4] Reserved for 2bit/pel packed mode 
[3] Enable 4bit/pel packed mode 
[2] Configure PCI bus Nordic module for Faster PCI write 
[1] Reset Stand-by Timer 
[0] Reset Backlight Timer 




i.l J Other Register Related Topics 

(See nordic-regs-rev#.lst where # is the latest one) 

j|S ' • BIOS scratch Registers #5 and #6 (2 extra required) (r/w) 

^ SR28:SR29[7:0] are scratch registers. 

that SR9. SRA. SR14 and SR15 are AVGA3 scratch registers which we keep in N 
'fH ' ^^^^^ are 13 18 bit scratch registers in the RAMDAC is SRI2[1]=1. 
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R9x - TFT Panel Data Format 



[7] Reserved 

[6:4 Select a 0 to 7 shift-clock delay from the internal character clock counter 

(8 VCLKyCharacier Clock) toTFT panel HSYNC (LLCLK) signal -> as in Tl 

[3:2] Panel size select: 

00 -> 640x480 

01 -> 

[1:0] TFT Panel Type: 

00 -> 9bit (333) (as inTl) 
10 -> 12bit (444) (as inTl) 

01 -> 18bit (666) [was xl in Tl covering both 01 and 10 !!] 
1 1 -> 24bu (888) -> new in Nordic 

Registers that are Moved Relative to Tl 
CRlBt7,43,2] (RIB in schematics): 

[7] Disable Text Cursor Blink in Tl. Do we use this feature in Tl? 

Enable Blank End Extensions in AVGA3 
[4] PCLKO (Panel Clock) no divide by two control m Tl . 

I am not sure this bit is actually needed in Nordic. 
[3] IRQ Every Frame or Every Other Frame ? Is this bit used inTl ? 
[2] Not Used at All inTl. 

I think that all these bits are not actually used. Are they needed ? -> Robin. 

CR1C[7:0] & CR1D[7:0] 

Are important LCD and Power Management Registers in Tl and Overlay Registers m 
Alpine. These registers are not in AVGA3, but because they are used in Alpine we mav 
move them to CR2C[7:0] and CR2D[7:0], which requires one more CRTC Index Regis- 
ter Bit. So: 

CRIC -> CR2C & CRID -> CR2D in Nordic relative to Tl . 

SRFf?] Cirrus Coofidential 

Business Informatioo 

In Tl is CRT Refresh Disable. This bit gates /FB/RWC[5] in FB sheet 6. In AVGA3 is 
DRAM Two Bank Configuration select bit. 

I don't think that this bit is used in Tl ? -> Robin. 152760 
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SR16 



In Tl IS used to control the pads for power and threshold- In AVGA3 is not used. In 
Alpine IS CRT FIFO demand threshold and other things ( [4 0] are used i 

Move SR16 bits of Tl to SR20 to avoid contention with Alpine. Increase SRX Sequencer 
Register Index to 6 bits. 

SRIA 

In Tl IS used as Test register. In AVGA3 and Alpine is Signature Generator Result Hi 
Move Tl SRIA bits to SR21 if it is not replaced by a similar register in AVGA3 



Nordic Revision and Mask Codes 

Nordic Microsoft ID CR2F: CD 

Nordic Revision CR27 (4bits chip code, 7z . where 2 is BIOS rev. counung downj* '^F 
Nordic Mask Code CR25: 00 
Nordic PCIID: 1200H 
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